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PRIORITY CLAIM 

This application claims the benefit of previously filed U.S. Provisional 
10 Application with the same titles and inventors as present, assigned USSN 60/215,434, 
filed on June 30,2000, and which is incorporated herein by reference. 

INCORPORATION BY REFERENCE OF MATERIAL SUBMITTED ON 

COMPACT DISC 

15 A computer program listing appendix that includes a genetic algorithm utilized in 

accordance with aspects of the presently disclosed technology is contained on a submitted 
compact disc. Each of two identical copies of such compact disc includes a file named 
"CXU-339 Genetic Algorithm", dated 04/04/2005 and having a size of 126 KB. The 
program listing contained in such file is hereby incorporated by reference for all 

20 purposes. 

FIELD OF THE INVENTION 

This technology provides a method (application) of an algorithm to facilitate the 
design of wideband operations of antennas, and the design of sleeve cage monopole and 
25 sleeve helix, units. The technology is of interest/commercial potential throughout the 
audio communications community. 

Omnidirectional capabilities and enhanced wideband capabilities are two 
desirable features for the design of many antenna applications. Designing 
omnidirectional antennas with wideband capabilities requires rapid resolution of complex 
30 relationship among antenna components to yield an optimal system. The invention 
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comprises the use of a genetic algorithm with fitness values for design factors expressed 
in terms to yield optimum combinations of at least two types of antennas. 

Cage antennas are optimized via a genetic algorithm (GA) for operation over a 
wide band with low voltage standing wave ratio (VSWR). Numerical results are 
5 compared to those of other dual band and broadband antennas from the literature. 
Measured results for one cage antenna are presented. 

Genetic algorithms and an integral equation solver are employed to determine the 
position and lengths of parasitic wires around a cage antenna in order to minimize voltage 
standing wave ratio (VSWR) over a band. The cage is replaced by a normal mode 
10 quadrifilar helix for height reduction and the parasites are re-optimized. Measurements 
of the input characteristics of these optimized structures are presented along with data 
obtained from solving the electric field integral equation. 

Genetic algorithms (Y. Rahmat-Samii and E. Michielssen, Electromagnetic 
Optimizations by Genetic Algorithms, New York: John Wiley and Sons, Inc., 1999) are 
15 used here in conjunction with an integral equation solution technique to determine the 
placement of the parasitic wires around a driven cage. The cage may be replaced by a 
quadrifilar helix operating in the normal mode in order to shorten the antenna. 
Measurements of these optimized structures are included for verification of the 
bandwidth improvements. 

20 

BACKGROUND OF THE INVENTION 

Recent advances in modern mobile communication systems, especially those 
whichcmploy which employ spread-spectrum techniques such as frequency hopping, 
require antennas whichhavc which have omnidirectional radiation characteristics, are of 

25 low profile, and can be opcratcdovcr operated over a very wide frequency range. The 
simple whip and the helical antenna operating Mts in its normal mode appear to be 
attractive for this application because they naturally havcomnidircctional have 
omnidirectional characteristics and are mechanically simple. However, these 
structurcsarc structures are inherently narrow band and fall short of needs in this regard. 

30 Hence, additionalinvcstigations additional investigations must be undertaken to develop 
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methods to meet the wide bandwidthrequirement bandwidth requirement of the 
communication systems. 

BRIEF SUMMARY OF THE INVENTION 

5 This invention comprises a method to design (produce) a product and the 

product(s) designed/produced as a result of the application of the method. The products 
are broadband, omnidimensional communications antennas, and the design procedure 
involves the coordinated, sequential application of two algorithms: a generally described 
"genetic algorithm that simulates population response to selection and a new algorithm 

10 that is a fast wire integral equation solver that generates optimal multiple antenna designs 
from ranges of data that limit the end product. Individual designs comprise a population 
of designs upon which specified selection by limiting the genetic algorithm ultimate 
identifies the optimum design(s) for specified conditions. Superior designs so identified 
can be regrouped and a new population of designs generated for further 

1 5 selection/refinement. 

The products are the antenna designs and specifications derived as a product of 
the application of the method briefly described above. The antennas all are characterized 
generally as broad band and omni directional, two features of critical importance in 
antenna design. In addition, although much of the theory has been developed on 

20 monopole antennas, both the method and designs include both monopole and dipole 
designs. In addition, the designs include sleeve-cage and sleeve-helix designs as 
hereinbelow further described. 

The cage monopole comprises four vertical, straight wires connected in parallel 
and driven from a common stalk at the ground plane. The parallel straight wires are 

25 joined by crosses made of brass (or other conductive) strips, the width of which is equal 
to the electrical equivalent of the wire radius. Compared to a single wire, this cage 
structure has a lower peak voltage standing wave ratio (VSWR) over the band. A 
structure with lower VSWR is amenable to improved bandwidth characteristics with the 
addition of parasitic elements. 

30 Adding parasitic elements of equal height and distance from the center of the cage 

monopole creates a sleeve cage monopole. The sleeve cage monopole has a greater 
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bandwidth than its otherwise comparable antennas. Fitness values are determined by 
relative bandwidth, with greater fitness being associated with wider bandwidth defined by 
f2/fl, where f2 and fl are respectively the largest and smallest frequencies between 
which VSWR is 3.5 or less. Speed of optimization is increased by int e rpolation of th e 
5 impedance matrix. 

The h e art of th e proc e ss is th e solution of th e e quation gov e rning total axial 
current. The e x e cutabl e algorithm link e d to th e gen e tic algorithm by th e fast wir e int e gral 
e quation solv e r provid e s a rapid m e thod of solving this e quation for vari e d valu e s and 
inputs. Th e basic theory and e quations ar e incorporat e d completely herein. S ee , S.D. 

10 Rog e rs and CM. Butl e r, "An e ffici e nt curved wire int e gral e quation solution t e chniqu e ," 
submitt e d to IEEE Trans. Antennas Propagat. 

R e duc e d h e ight without loss of bandwidth or omni - directional capabiliti e s is a 
desired feature of ant e nna designs for a plurality of applications. These include 
installations in v e hicl e s and confin e d int e rior spaces. The h e lix structure yields short e r 

15 ant e nnas than the traditional whip structure with otherwise comparable features. Height is 
a function of the pitch angle of the helix, such that a pitch angle of 4 2 degrees reduces 
height by 30 percent. The addition of parasitic elements reduces VSWR in a helix 
configuration in a magnitude similar to the reduction noted for the cage monopolc design. 
Many modem wireless communication systems require low - profile antennas. To 

20 meet this requirement, we consider the helical antenna operating in the normal mode. A 
normal mode helix and a straight wire antenna having approximately the 3amc wire 
length exhibit similar input impedance and far field patterns. One drawback to the helix 
operating in the normal mode is that it3 bandwidth is too limited for many applications. 
To increase the bandwidth, we have considered several potential remedies, one of which 

25 is discu33cd herein. It is well known that adding additional parasitic straight wire s 

on cither 3idc of a driven dipolc antenna may increase the bandwidth of the dipolc (J.L. 
Wong and II.E. King, AP - 21, no. 5, 725 - 727, Sept. 1973). One must be especially 
careful, however, to choose parasitic elements with the proper length and spacing. We 
use this basic idea to increase the bandwidth of the helical monopolc. A structure similar 

30 to the sleeve dipolc but applied to the helix has been used to design dual frequency 
antennas (P. Eratuuli, ct. al., Electronics Letters, v. 32, no. 12, 1051 " 1052, June 1996). 
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The helix and its helical sleeve are both driven in the antenna of this reference. Several 
novel antenna structures are considered such as a driven helical antenna adjacent to 
parasitic helices and straight wires. Anoth e r candidate structure consists of a driven helix 
with helical parasites inside or outside of the driven element, which has th e added benefit 
5 of cons e rving space. In any case, due to th e larg e number of paramet e rs in a helix, it is 
mor e difficult to d e sign a broadband sl ee v e h e lical ant e nna than is th e cas e for a sl ee v e 
dipol e . It is not feasibl e to obtain optimum valu e s of param e t e rs by trial and e rror. Thus 
w e e mploy a g e n e tic algorithm routin e (D.L. Carroll, A FORTRAN G e n e tic Algorithm 
Driv e r, http://www.staff.uiuc.edu/ - carroll/ga.html) and e ffici e nt integral equation 

10 solution t e chniqu e s to optimize the ant e nna syst e m for bandwidth. Having an e ffici e nt 
num e rical solution t e chnique is n e c e ssary for this problem since the g e om e try of th e 
ant e nna is r e d e fin e d for e ach structure e valuat e d by th e g e n e tic algorithm. Sinc e th e s e 
antennas hav e a high d e gr ee of curvature, their solutions generally require a large numb e r 
of unknowns for r e pres e nting th e geometry. An efficient solution technique which gets 

15 around this problem is used (S.D. Rogers and CM. Butler, APS Symposium Digest, vol. 
I, 68 71, July 1997). 

1) Commission B. B - 2 Antennas 

2) A genetic algorithm is U3cd to optimize helical parasitic elements for a helical 
antenna. 

20 3) Thi3 work i3 an extension to increasing the bandwidth of dipolc3 by use of para3itc3. 
Thi3 research could not have been completed in a time efficient manner without the 
development of an efficient integral equation solution technique for curved wires with 
reference below. 

25 S.D. Rogers and CM. Butler, "Reduced Rank Matrices for Curved Wire 

Structures," Digest of IEEE APS Symposium, Montreal, Canada, vol. I, pp. 68 - 71, July 

We have recently shown from numerical calculations that the bandwidth of a 
30 normal mode helix can be increased by the addition of close - by wire parasites (S.D. 
Rogers, J.C Young, and CM. Butler, "Bandwidth Enhanced Normal Mode Helical 
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Antennas," Digest 1998 USNC / URSI National Radio Science Meeting, Atlanta, GA., p. 
293, June 1998). Agenetic algorithm and a fast integral equation solution technique are 
employed to determine the optimum distance and height of these parasites. In (H.E. King 
and J.L. Wong, "An Experimental Study of a Balun Fed Open Sleeve Dipol e in Front of 
5 a Metallic Reflector," IEEE Trans. Antennas Propagat (Commun.), vol. AP 20, pp. 201 
204, March 1972) th e s e param e t e rs w e r e d e t e rmin e d e xp e rim e ntally when th e driv e n 
e l e m e nt was a straight wir e dipol e . In a r e c e nt pap e r (H. Nalcano, e t. al., "Realization of 
Dual Fr e qu e ncy and Wid e Band VSWR P e rformanc e s Using Normal Mode H e lical and 
Inv e rt e d F Ant e nnas," IEEE Trans. Antennas Propagat, vol. AP -4 6, June 199 8 ) a c e ntral 

10 parasitic straight cylind e r was add e d inside a driven singl e wir e h e lix to obtain dual 
fr e qu e ncy op e ration. W e hav e found that even gr e at e r bandwidth, ov e r that of a singl e 
driv e n wir e , can b e r e aliz e d wh e n th e parasites ar e plac e d around "cage" monopol e s 
having several parallel wires. Similar obs e rvations arc made about a multifilament 
versus a single filament helix. 

15 Bandwidth of v e rtically polarized wire antennas is often increased by adjustment 

of the antenna geometry. King and Wong reduce VSWR by placing parasitic wires 
around a driven clement, creating the well-known open sleeve dipole (KING, H.E., and 
WONG, J.L.: 6 An experimental 3tudy of a balun - fcd opcn - slccvc dipole in front of a 
metallic reflector 9 , IEEE Trans. Antennas Propagat, March 1972, 20, (2), pp. 201 201). 

20 In (NAKANO, H., IKEDA, N., WU, Y„ SUZUKI, R., MIMAKI, II., and YAMAUCIII, 
J.: "Realization of dual - frequency and wide - band VSWR performances using normal - 
mode helical and invcrtcd - F antennas', IEEE Trans. Antennas Propagat., June 1998, 4 6, 
(6), pp. 788 - 793) the displacement of a parasitic monopolc is varied inside a driven 
normal mode helical antenna in order to control its characteristics. Cage antennas can be 

25 made broadband when their dimensions arc chosen judiciously. Genetic algorithms and 
integral equation solution techniques arc employed here to optimize the dimensions of the 
cage antenna in order to create a structure with low VSWR over a wide band. 

Recent advances in modern mobile communication systems, especially those 
which employ spread - spectrum techniques such as frequency hopping, require low- 

30 profile, broadband, omnidirectional (in azimuth) antennas. The simple whip and the 
helical antenna, operating in its normal mode, arc potentially attractive for these 
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application s because they naturally have suitable radiation characteristics and are 
mechanically simple and rugged. However, these structures are inherently narrow band. 
Hence, additional measures are employed to me e t the wide bandwidth requirement of 
communication systems. Ant e nnas often are loaded with tuning circuits and are 
5 connected to radios through matching networks in order to improve ov e rall bandwidth. 
Alt e ring th e ant e nna geom e try is anoth e r m e thod for modifying bandwidth prop e rti e s. 
Th e sl ee v e monopol e , in which th e out e r conductor of th e coaxial f ee d lin e forms a 
"sl ee v e " around th e bas e of th e protruding c e nt e r conductor, is known to hav e gr e at e r 
bandwidth than th e conv e ntional monopol e and has been studied extensiv e ly (J. Taylor, 

10 "Th e sl ee v e ant e nna," doctoral diss e rtation, Cruft Lab., Harvard Univ., Cambridge, MA, 
1950); (R.W.P. King, Th e Th e ory of Lin e ar Ant e nnas. Cambridge, MA: Harvard Univ 
Pr e ss, 1956); (A.J. Poggio and P.E. May e s, "Patt e rn bandwidth optimization of th e sl ee v e 
monopole antenna," IEEE Trans. Antennas Propagat. (Commun.), vol. AP - 1 4 , pp. 6 4 3 - 
6 4 5, Sept. 1966); (Z. Shcn and R. MacPhie, "Rigorous evaluation of the input impedance 

15 of a sleev e monopol e by modal -e xpansion m e thod," IEEE Trans. Antennas Propagate 
vol. AP -44 , pp. 158 4- 1591, Dec. 1996). A variation of this antenna i3 the opcn - 3lccvc 
dipolc which has straight - wire parasites in place of the coaxial 3lccvc. The effects of the 
spacing and 3izc of the parasitic elements on the VSWR are determined experimentally in 
(H.E. King and J.L. Wong, "An experimental study of a balun - fcd opcn - 3lccvc dipolc in 

20 front of a metallic reflector," IEEE Trans. Antennas Propagat (Commun.), vol. AP - 20, 
pp. 201 - 20 4 , March 1972). In other papers, parasitic and driven elements of various 3ort3 
arc combined in order to create dual band antennas. In (P. Eratuuli, et. ah, "Dual 
frequency wire antennas," Elecfronics Letters, vol. 32, no. 12, pp. 1051 - 1052, June 6, 
1996) the driven wire is a straight monopole or a helix surrounded by a parasitic helix. In 

25 (H. Nakano, et aL, "Realization of dual - frequency and wide - band VSWR performances 
using normal - mode helical and invcrtcd - F antennas," IEEE Trans. Antennas Propagat., 
vol AP -4 6, pp. 788 - 793, June 1998) the position of a straight - wire parasite inside a 
driven normal mode helical antenna is adjusted to control the VSWR over the band of 
operation. Another antenna, which can be made to have broadband properties if its 

30 dimensions arc chosen judiciously, is the cage antenna (S.D. Rogers and CM. Butler, 
"Cage antennas optimized for bandwidth," submitted to Elecfronics Letters, April 2000). 
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The cage is more amenable than a single straight wire to improvement in bandwidth 
when parasitic wires of appropriate size and spacing are added (S.D. Rogers and CM. 
Butler, "The sleeve cage monopole and sleeve helix for wideband operation," Digest of 
APS Symposium, Orlando Florida, vol. 2 ? pp. 1308 1311, July 1999). 
5 We have found that the cage structure and multifilar helices are more amenable 

than single wire antennas to improvements in VSWR when parasitic wires are added. The 
helical configuration can be used to reduce the height of the antenna, but at the sacrifice 
of bandwidth. While the addition of the parasitic wires improves the overall bandwidth, 
the VSWR increases outside the design band. Fast integral equation solution techniques 
10 and optimization methods have been developed in the course of this work and have led to 
effective tools for designing broadband antennas. 

Certain exemplary attributes of the invention may relate to a method to create 
optimum design specifications for omni-directional, wide band antennas comprising the 
steps of: 

15 (a) loading software including a genetic algorithm and an executable algorithm that is a 
fast wire equation solver into a computer; 

(b) loading instructions into said computer specifying basic antenna design to be 
optimized; 

(c) loading antenna design parameters and corresponding ranges of values for said 
20 parameters into said computer; 

(d) specifying resolution of said parameters by loading number of bits per parameter into 
said computer; 

(e) executing (operating) said genetic algorithm thereby generating a population of 
individual antenna designs each with a fitness value; and 

25 (f) evaluating relative fitness of antenna designs produced and selecting superior designs 
for continued refinement. 

The foregoing method may further comprise the following exemplary subroutines 
and algorithms for the software involved: 

(a) a first algorithm that allows different values for critical design elements to combined 
30 in all possible combinations and a fitness value for each design ultimately estimated; 

(b) a second algorithm that determines electronic current in an antenna by solving an 
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integral equation numerically; 

(c) a computer program link that provides essential communication between said first 
algorithm and said second algorithm. 

Certain exemplary attributes of the invention may further relate to the sleeve 
5 monopole antenna designs, the cage sleeve monopole antenna designs, and the sleeve 
dipole antenna designs produced following the foregoing methods. Those of ordinary 
skill in the art will appreciate that various modifications and variations may be practiced 
in particular embodiments of the subject invention in keeping with the broader principles 
of the invention disclosed herein. The disclosures of all the citations herein referenced are 
10 fully incorporated by reference to this disclosure. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

A full and enabling description of the presently disclosed subject matter, 
including the best mode thereof, directed to one of ordinary skill in the art, is set forth in 

15 the specification, which makes reference to the appended figures, in which: 

FIG. 1 A is a perspective view of an exemplary cage monopole antenna 
embodiment in accordance with the presently disclosed technology: 

FIG. IB is a graphical representation of the voltage standing wave ratio fVSWR) 
versus frequency for the exemplary cage monopole antenna of FIG. 1 A: 
20 FIG. 1C is a graphical representation of the directivity versus frequency for the 

exemplary cage monopole antenna of FIG. 1A: 

FIG. 2A is a perspective view of an exemplary sleeve-cage monopole antenna 
embodiment in accordance with the presently disclosed technology: 

FIG. 2B is a graphical representation of the voltage standing wave ratio fVSWR) 
25 versus frequency for the exemplary sleeve-cage monopole antenna of FIG. 2A: 
FIG. 2C is a top view of an exemplary sleeve-cage monopole antenna 
embodiment in accordance with the presently disclosed technology: 

FIG, ZD is a gr aphical r epresentation of the djrectjyjty versus frequency for the 
exemplary sleeve-cage monopole antenna of FIG, 2C; 
30 FIG. 3 A is a perspective view of an exemplary quadrifilar helix antenna 

embodiment in accordance with the presently disclosed technology; 
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FIG, 3B is a graphical representation of the voltage standing wave ratio (VSWR) 
versus frequency for the exemplary quadrifilar helix antenna of FIG. 3 A; 

FIG. 3C is a graphical representation of the directivity versus frequency for the 
exemplary quadrifilar helix antenna of FIG. 3 A; 
5 FIG. 4A is a perspective view of an exemplary sleeve helix antenna embodiment 

in accordance with the presently disclosed technology: 

FIG. 4B is a graphical representation of the voltage standing wave ratio (VSWR) 
versus frequency for the exemplary sleeve helix antenna of FIG. 4A; 

FIG. 4C is a perspective view of an exemplary sleeve helix antenna embodiment 
10 in accordance with the presently disclosed technology: 

FIG. 4D is a graphical representation of the directivity versus frequency for the 
exemplary sleeve helix antenna of FIG. 4C: 

FIG. 5 A is a graphical representation of VSWR versus frequency for a cage 
antenna optimized for VSWR < 2.0: 
15 FIG. 5B is a graphical representation of input impedance versus frequency for a 

cage antenna optimized for VSWR < 2.0: 

FIG. 6 A is a graphical representation of VSWR versus frequency for a cage 
antenna optimized for VSWR < 2.5: 

FIG. 6B is a graphical representation of directivity versus frequency for a cage 
20 antenna optimized for VSWR < 2.5: 

FIG. 7A is a perspective view of an exemplary cage monopole antenna 
embodiment in accordance with the presently disclosed technology, having dimensions a 
= 0.814mm. d= 2.2cm. w = 3.256mm. h± = 1.2cm. h? = 16cm and Z$ = 50Q: 

FIG. 7B is a graphical representation of VSWR versus frequency for the 
25 exemplary cage monopole antenna of FIG. 7 A: 

FIG. 7C is a graphical representation of the input impedance versus frequency for 
the exemplary cage monopole antenna of FIG. 7 A: 

FIG. 7D is a graphical representation of the directivity versus frequency for the 
exemplary cage monopole antenna of FIG. 7 A; 
30 FIG. 8A is a perspective view of a n exemplary sleeve-cage monopole antenna 

embodiment in accordance with the pres ently disclosed technology, having dimensions a 



= 0.814mm, d = 2.2cm, w = 3.256mm, fa = 1.2cm, fa = 16cm, r = 2.5cm, h = 4cm, and Zn 
= 50Q: 

FIG. 8B is a graphical representation of VSWR versus frequency for the 
exemplary sleeve-cage monopole antenna of FIG. 8 A; 
5 FIG. 8C is a graphical representation of the input impedance versus frequency for 

the exemplary sleeve-cage monopole antenna of FIG. 8 A; 

FIG. 8D is a graphical representation of the directivity versus frequency for the 
exemplary sleeve-cage monopole antenna of FIG. 8 A; 

FIG. 8E is a top view of the exemplary sleeve-cage monopole antenna of FIG. 

10 8A; 

FIG. 9A is a perspective view of an exemplary quadrifilar helical antenna 
embodiment in accordance with the presently disclosed technology, having dimensions a 
= 0.814mm, J=2cm. w = 3.256mm. fa = 0.91cm, fa = 8.85cm, Zn = 50Q: 

FIG. 9B is a graphical representation of measured and computed VSWR versus 
15 frequency for the exemplary quadrifilar helical antenna of FIG. 9A: 

FIG. 9C is a graphical representation of the measured and computed input 
impedance versus frequency for the exemplary quadrifilar helical antenna of FIG. 9A: 

FIG. 9D is a graphical representation of the computed directivity ( </> = 0) versus 
frequency for the exemplary quadrifilar helical antenna of FIG. 9A: 
20 FIG. 1 OA is a perspective view of an exemplary sleeve helical antenna 

embodiment in accordance with the presently disclosed technology, having dimensions a 
= 0.814mm. d = 2cm. w = 3.256mm. fa = 0.91cm. fa = 8.85cm. Z n = 50Q: 

FIG. 1 0B is a graphical representation of measured and computed VSWR versus 
frequency for the exemplary sleeve helical antenna of FIG. 10A: 
25 FIG. IPC is a graphical representation of the measured and computed input 

impedance versus frequency for the exemplary sleeve helical antenna of FIG. 10A: 

FIG. 1 0D is a graphical representation of the computed directivity = 0) versus 
frequency for the exemplary sleeve helical antenna of FIG. 10A; 

FIG. 1 1 A illustrates a curved wire helix for use in exemplary antenna technology 

30 of t h e present subject m at ter ; 
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FIG. 1 IB illustrates a curved wire loop for use in exemplary antenna technology 

of the present subject matter; 

FIG. 1 1 A illustrates a curved wire meander line for use in exemplary antenna 

technology of the present subject matter; 

5 FIG. 12 illustrates an arbitrary curved wire of radius a with source point, 

observation point, and unit vectors; 

FIG. 13 illustrates an exemplary straight line segment approximation of a curved- 
wire axis; 

FIG. 14 illustrates exemplary geometric parameters for adjacent straight line 

10 segments; 

FIG. 15 represents a triangular basis function A»; 

FIG. 16 illustrates an exemplary piecewise linear expansion of the current along a 

meander line; 

FIG. 17 represents a testing pulse fin; 

15 FIG. 18 illustrates exemplary source and observation points on adjacent straight- 
wire segments; 

FIG. 19 illustrates exemplary source and observation points on different linear 

wire segments; 

FIG. 20 represents a composite triangle basis function with five constituent 

triangles; 

FIG. 21 represents an exemplary constituent triangle A^ ; 

FIG. 22 represents an exemplary composite testing pulse n p ; 

FIG. 23 represents an exemplary constituent testing pulse nf ; 

FIG. 24 illustrates current expansion with composite basis functions; 

FIG. 25 A is a graphical representation of the real part of current versus degrees on 

wire loop antennas: 

FIG. 25B i s a graphical representation of the imaginary pa rt of current versus 

degrees on wire Iqqp antennas; 
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FIG. 26A is a graphical representation of the real part of current on the wire loop 

antenna of FIGS. 25 A and 25B without composite basis function at the source; 

FIG. 26B is a graphical representation of the imaginary part of current on the wire 

loop antenna of FIGS. 25 A and 25B without composite basis function at the source; 

5 FIG. 27 is a graphical representation of mode 2 current on one arm of four arm 

Archimedian spiral antenna having spiral constant 0.02 A,, arm length 12 A, and wire radius 
0.006X; 

FIG. 28 is a graphical representation of the magnitude of mode 2 current on one 

arm of four arm Archimedian spiral antenna having spiral constant 0.02 X, arm length \2X 
10 and wire radius 0.006X; 

FIG. 29 is a graphical representation of the magnitude of mode 2 current on one 

arm of four arm Archimedian spiral antenna having spiral constant 0.02 A,, arm length 12 X 
and wire radius 0.006A, with data for comparison; 

FIG. 3 OA is a perspective view of an exemplary helical geometry; 

15 FIG. 3 0B represents additional exemplary definitions of helical parameters; 

FIG. 3 1 is a graphical representation of current versus arc displacement on a helix 

illuminated bv a plane wave, E = (xcos0 + zsin0)e' MxAlB ' zm0 \ 

(0= 45°. L = 0.5X. v = 10. a= 20°. a = 0.0005^; 

FIG. 32 is a graphical representation of current versus arc displacement on a helix 
20 illuminated bv a plane wave. E = (xcos0 + zsm0)e- Jk{xsind - zcose) , 

(0= 45°. L = 0.35A,. v= 10. a= 20°. a = 6.0005A,): 

FIG. 33 is a graphical representation of current versus arc displacement on a helix 
illuminated by a plane wave. E = ze~ jkx r (Z = v = 50. a = 20°. a = 0.0005A.): 

FIG. 34 is a graphical representation of current versus arc displacement on a helix 
25 driven by delta-gap source (L = 0.25 X. v = 25. a = 20°. a = 0.0005 A.): 

FIG. 35 is a graphical representation of current versus arc displacement on a helix 
d riven b y del t a - ga p source (I = X, v = 25 , a= 20 ° , a = QMQ5X ); 

FIG, 36 is a graphical representation of current versus arc displacement on a helix 

driven by delta-gap source (L = 0.5X,, C b = QAX r a= 12.5° r a = 0M5X): 
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FIG. 37 is a graphical representation of VSWR versus frequency for different 

pitch angles for an antenna helix; 

FIG. 38 is a graphical representation of VSWR versus frequency for different 

wire radius values for an antenna helix; 

5 FIG. 39 provides a block diagram of exemplary steps in a process for efficient 

evaluation of antennas; 

FIG. 40A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 40B; 

FIG. 40B is a perspective view of an exemplary straight wire antenna with two 

10 parasites; 

FIG. 41 A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 4 IB; 

FIG. 41 B is a perspective view of an exemplary straight wire antenna with four 

parasites; 

15 FIG. 42 A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 42B; 

FIG. 42B is a perspective view of an exemplary helix antenna with two straight 

wire parasites; 

FIG. 43 A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 43B; 

FIG. 43 B is a perspective view of an exemplary helix antenna with four straight 

wire parasites: 

FIG. 43C is a graphical representation of directivity versus frequency for the 

exemplary antenna of FIG. 43B: 

FIG. 43D is a graphical representation of directivity in the H-plane versus § for 

the exemplary antenna of FIG. 43B: 

FIG. 44 A is a graphical representation of VSWR versus frequency for the 
e xem plary a ntenna of FIG, 44B; 

FIG. 44B is a perspective view of an exemplary helix antenna with two helical 

parasites ; 



25 
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FIG. 44C is a graphical representation of input impedance versus frequency for 

the exemplary antenna of FIG. 44B; 

FIG. 44D is a graphical representation of directivity versus frequency for the 

exemplary antenna of FIG. 44B; 

5 FIG. 45 A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 45B; 

FIG. 45B is a perspective view of an exemplary helix antenna with inner and 

outer helical parasites; 

FIG. 46A is a perspective view of an exemplary antenna base portion and 

10 representative cylinder around which the coils of a triple helix antenna are wound: 

FIG. 46B is a perspective view of an exemplary triple helix antenna; 

FIG. 46C is a graphical representation of VSWR versus frequency for a triple 

helix antenna (such as one depicted in FIGS. 46A and 46B) compared with a single helix 
antenna; 

15 FIG. 47A is a graphical representation of VSWR versus frequency for the 

exemplary antenna of FIG. 47B compared with a single helix and a triple helix antenna: 

FIG. 47B is a perspective view of an exemplary triple helix antenna with four 

straight wire parasites: 

FIG. 47C is a graphical representation of directivity versus frequency for a triple 

20 helix antenna: 

FIG. 47D is a graphical representation of directivity versus frequency for a triple 

helix antenna with parasites, such as the one illustrated in FIG. 47B: 

FIG. 48 A is a graphical representation of VSWR versus frequency for cage 
monopole antenna optimization for VSWR < 2.5: 
25 FIG. 48B is a graphical representation of directivity versus frequency for cage 

monopole antenna optimization for VSWR < 2.5: 

FIG. 49A is a graphical representation of VSWR versus frequency for cage 
monopole antenna optimizati on for VSWR < 2.0: and 

FIG. 49B is a graphical representation of directivity versus frequency for case 
30 monopole antenna opti mization for VSWR < 2.0. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
DESIGN PROCEDURE: 

We modeled and measured the properties of a so-called cage monopole. The cage 
monopole shown in Figure lOl a FIG. 1A consists of four vertical straight wires connected 
5 in parallel and driven from a common stalk at the ground plane. The ground plane in this 
model is assumed to be of infinite extent to facilitate analysis. The parallel straight wires 
are joined by crosses constructed of brass strips. The strip width was selected to be 
electrically equivalent to the wire radius for the purpose of modeling the structure. 
Compared to a single, thin, straight wire, the cage structure with multiple wires has a 

10 lower peak voltage standing wave ratio (VSWR) over the band. This is important since a 
structure which has a comparatively small VSWR over a band is more amenable to 
improvements in bandwidth with the addition of other components such as loads or 
parasites than is the common single- wire monopole with higher VSWR. 

Next we add four parasitic straight wires of equal height (h) and distance (r) from 

15 the center of the cage to create the so-called "sleeve-cage monopole" of Figure 102 a FIG. 
2A. The A genetic algorithm (GA) of (D.L. Carroll, "A FORTRAN Genetic Algorithm 
Driver", Univ. of Illinois, Urbana, IL, http://www.staff.uiuc.edu/ -- carroll/ga.html) is used 
to determine the optimum distance and height of these parasitic straight wires. In this 
example the fitness value assigned to each antenna in the optimization process is the 

20 bandwidth ratio defined by f 2 l ' f x , where fi and f\ are, respectively, the largest and 
smallest frequencies between which the VSWR is 3.5 or less. We interpolate the 
impedance matrix with respect to frequency in order to increase the speed of the 
optimization process. To design antennas that are smaller, we turn our attention to the 
normal mode helix, since, for operation about a given frequency, it can be made shorter 

25 than the vertical whip by adjustment of the pitch angle. Also, we observe a decrease in 
the peak VSWR when additional filaments are added to the helix driven from a central 
straight wire. Generally, a normal mode helix will exhibit electrical properties similar to 
those of a straight wire having the same wire length, though the peak VSWR for the helix 
is usually greater. The quadrifilar helix of Figure 103 a FIG. 3 A whose height is 9.8 cm 

30 can be used in the same bands as a cage monopole of height about 14 cm. Thus, the total 
height of the antenna can be reduced by 30% with the 42° pitch angle. Parasitic straight 



wires of optimum height and distance are added to create what we call the "sleeve helical 
monopole" shown in Figure KVI a FIG. 4 A . 



RESULTS AND DISCUSSION: 

5 As one can see from the VSWR data, good agreement is achieved between 

predictions computed by means of our numerical techniques and results measured on a 
model mounted over a large ground plane. The frequency range over which data are 
presented is dictated by the frequencies over which our ground plane is electrically large. 
The slight discrepancies in the computed and measured results are attributed to 

10 imprecision in the construction of the antennas. The predicted results of bandwidth and 
VSWR of each antenna are summarized in the table Table 1 below. 



Structure 


VSWR 


BW Ratio 


BW% 


Frequency Range 
(MHZ) 


Height 
(cm) 


Width 
(cm) 


Cage monopole 


<5.0 


11.7:1 


312 


300-3500 


17.2 


2.2 


<3.5 


3:1 


115 


950-2850 


Sleeve-cage 
monopole 


<5.0 


5.2:1 


185 


315-1650 


17.2 


5 


<3.5 


4.4:1 


163 


350-1550 


Quadrifilar helix 


<5.0 


5.8:1 


199 


475-2750 


9.8 


2 


<3.5 


1.6:1 


47 


500-800 


Sleeve helix 


<5.0 


3.9:1 


147 


475-1850 


9.8 


6 


<3.5 


3.5:1 


134 


500-1750 



Table 1 



We point out that when the parasitic elements are added to each structure, the 
bandwidth ratio increases for the VSWR < 3.5 requirement. However, outside of this 

15 frequency range the VSWR is worse than that of the antenna without parasites. In other 
words, VSWR has, indeed, been improved markedly over the design range but at a 
sacrifice in performance outside the range, where presumably the antenna would not be 
operated. Also, notice that the deep nulls in the directivity at the horizon for the cage and 
the quadrifilar helix structures have been eliminated with the addition of the parasites. 

20 Thus the directivity is improved in the band where on the basis of VSWR this antenna is 
deemed operable, although there was no constraint on directivity specified in the 
objective function. 

CAGE ANTENNAS OPTIMIZED FOR BANDWIDTH 



17 



r 



De s ign M e thod: The antenna whose characteristics are represented in FIGS. 5A 
and 5B is optimized for a design goal of VSWR < 2.0 over the frequency band 500 to 
1600 MHz. The cage antenna is depicted in Fig. 201 FIG. 7 A where one sees four vertical 
wires joined to the feed and stabilized by thin brass strips of width w. The strips are 
5 treated as wires of radius a= w/4 . Tke A GA of (CARROLL, D.L.: 'Ch e mical Laser 
Modeling with Gen e tic Algorithms', AIM Journal F e b. 1096, 31, (2), pp. 338 316) is 
applied to optimize the diameter (d) of the cage structure and the length (hi) of the 
wires in the cage. Each function evaluation consists of numerically solving the electric 
field integral equation for the cage geometry (having dimensions chosen by the GA) over 
10 the band of interest. Candidate antennas are given a fitness score equal to the bandwidth 
ratio f h /f l9 where fi is the lowest and fh is the highest frequency of operation over a 

band where the VSWR meets the design goal. 

Re s ults: The antenna of Fig. 202 whose characteristics are represented in FIGS. 
5A and 5B is optimized for a design goal of VSWR < 2.0 over the frequency band 500 to 

15 1600 MHz. The GA picks the parameter d from a range of 1 cm to 5 cm with a resolution 
of 0.13 cm (5 bits, 32 possibilities). The range specified for parameter h 2 is 8 cm to 12 
cm with a resolution of 0.27 cm (4 bits, 16 possibilities). The GA converges to an 
optimum solution after three generations with five antennas per generation. A sensitivity 
analysis reveals that antenna input characteristics change only modestly with small 

20 geometric variation. The directivity of this cage antenna for <j> = 0° and </> = 75°,90° is 
above 4 dBi over the entire band. The properties of this antenna and those of Nakano's 
helical monopole (NAKANO, IL, IKEDA, N., WU, Y„ SUZUKI, R., MIMAKI, II., and 
YAMAUCHI, J.: "Realization of dual - frequency and wide - band VSWR performances 
using normal - mode helical and invcrtcd - F antennas', IEEE Trans. Antennas Propagate 

25 June 1998, 46, (6), pp. 788 - 793), which is designed to operate with VSWR < 2.0 in two 
frequency bands, are listed in Table 28i for comparison. 



Structure 


Cage 
(Figure 6) 


HX-MP 


Cage 
(Figure 7) 


Sleeve Dipole 


VSWR 


<2 


<3.5 


<2.5 


<2.5 


Bandwidth Ratio 


2.6 


1.7 


5.4 


1.8 


f (MHz) 


575-1500 


627-1048 


210-1130 


225-400 
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Height (cm) 


10.3 


19.8 


26.55 


51 


Width (cm) 


4.7 


0.47 


8.2 


13 


Wire radius (mm) 


0.814 


0.3 


3.175 


14.3 



Table 2 



The antenna of Fig. 203 whose characteristics are represented in FIGS. 6A and 6B 
is optimized for a design goal of VSWR < 2.5 in the frequency range 200 to 1200 MHz. 
This range is chosen for comparison of the cage antenna to the open sleeve dipole -of 
5 (KING, H.E., and WONG, J.L.: 6 An e xp e rim e ntal study of a balun f e d op e n sl ee v e 

dipol e in front of a m e tallic r e fl e ctor', IEEE Trans. Antennas Propagate March 1972, 20, 
(2), pp. 201 204) which operates over the frequency range 225 to 400 MHz. The GA is 
allowed to choose parameter d from 1 cm to 10 cm with a resolution of 0.6 cm (4 bits, 16 
possibilities). The parameter h2 is selected from 20 cm to 25 cm with a resolution of 0.33 

10 cm (4 bits, 16 possibilities). An optimum result is reached after 1 1 generations with five 
antennas per generation. This cage monopole is not useful over the entire frequency range 
for which its VSWR is less than 2.5 since there is a null in the directivity within this 
range. It is operable over a 3.6:1 bandwidth for VSWR less than 2.5 and directivity 
greater than 0 dBi. In Table 204- are listed the properties of the cage antenna together with 

15 those of the sleeve dipole. 

CAGE MONOPOLE AND SLEEVE-CAGE MONOPOLE 

The cage monopole shown in Figure 301 a FIG. 7A consists of four vertical 
straight wires connected in parallel and driven from a common wire which is the 
extension of the center conductor of a coaxial cable protruding from the ground plane. 

20 The ground plane in this model is assumed to be of infinite extent in the analysis of the 
structure. The parallel straight wires are joined by crosses constructed of brass strips. The 
strip width w was selected to be electrically equivalent to the wire radius a for the 
purpose of modeling the structure (w=4 a ) (CM. Butler, "The equivalent radiu3 of a 
narrow conducting strip," IEEE Trans. Antennas Propagat., vol. AP - 30, pp.755 - 758, July 

25 1982) . Compared to a single, thin, straight wire, the cage structure with multiple wires 
has a lower peak VSWR over the band as seen in Figure 301 b FIG. 7B . This is important 
since a structure which has a comparatively small VSWR over a band is more amenable 



r 



to improvements in bandwidth with the addition of other components such as loads or 
parasites than is the common single-wire monopole with higher VSWR. 

Four parasitic straight wires of equal height (h) and radial distance (r) from the 
center line of the cage are added to create the so-called "sleeve-cage monopole" of Figure 

5 302 aFIG. 8A . The genetic algorithm of (D.L. Carroll, "Chemical Laser Modeling with 
Gonotic Algorithms," ALU Journal, vol. 31, no. 2), pp. 338 31 6, Fob. 1996) AGA is 
used to determine optimum values of h and r for given design goals. An objective 
function evaluation for one antenna in the GA population involves numerically solving 
the electric field integral equation for many frequencies within the band of interest. Since 

10 this must be done for many candidate antennas, it is advantageous to interpolate the 
integral equation impedance matrix elements with respect to frequency (E.H. N e wman, 
"Generation of wide band data from the method of mom e nts by int e rpolating th e 
impedance matrix," IEEE Trans. Antennas Propagate vol. AP-36, pp. 1820 - 1 8 2 4 , Dec. 
19 8 8) . Each candidate structure is assigned a fitness value based on its electrical 

15 properties. A simple fitness value used here is the antenna bandwidth ratio which 

measures the performance of the antenna over a frequency band of interest denoted by 

The bandwidth ratio for a particular antenna is considered a function of its 
geometry and is computed from 

20 where /, = min(/) such that VSWR(f) < limit 

Hfo.fa] 

and f 2 = max(/) such that VSWR(f) < limit for all / e \f x , f 2 ] . . 

/e[/„/ fl ] 



Another viable fitness value is the percent bandwidth defined here as 

%BW = 100^ 



25 QUADRIFILAR HELIX AND SLEEVE HELIX 
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To design low profile antennas, we turn our attention to the normal mode helix, 
since, for operation about a given frequency, it can be made shorter than the vertical whip 
by adjustment of the helix pitch angle. Generally, a normal mode helix will exhibit 
electrical properties similar to those of a straight wire having the same wire length, 
5 though the peak VS WR for the helix is usually greater. The helix exhibits vertical 
polarization as long as it operates in the normal mode. There is a decrease in the peak 
VSWR, relative to that of a single-wire helix, when additional helical filaments are added 
to one driven from a central straight wire. The quadrifilar helix of Figur e 303 FIG. 9A 
whose height is 9.8 cm can be used in the same bands as a cage monopole of height about 

10 14 cm. Thus, the total height of the antenna can be reduced by 30% with the 42° pitch 
angle. Parasitic straight wires of optimum height and distance are added to create what 
we call the "sleeve helical monopole" shown in Figure 30 4FIG. 10A . Most integral 
equation solution techniques for the helix are, in general, more computationally 
expensive since these require many basis functions to represent the vector direction of the 

15 current along the meandering wire. A solution procedure which uncouples the 
representation of the geometry from the representation of the unknown current is 
developed in (S.D. Rogers and CM. Butler, "An efficient curved - wire integral equation 
solution technique," submitted to IEEE Trans. Antennas Propagat.) and is used here to 
reduce the time in optimization of antennas with curved wires. 

20 RESULTS 

As one can see from the VSWR data, good agreement is achieved between 
predictions computed by means of numerical techniques (S.D. Rogers and CM. Butler, 
"An efficient curved - wire integral equation solution technique," submitted to IEEE 
Trans, Antennas Propagat) and results measured on a model mounted over a large 

25 ground plane. The frequency range over which our experiments are conducted is dictated 
by the frequencies over which the ground plane is electrically large. Of course, the 
dimensions of the antenna may be scaled for use in other bands. The slight discrepancies 
in the computed and measured results are attributed to the difficulty in building the 
antenna to precise dimensions. However, a sensitivity analysis reveals that the antenna 

30 performance changes minimally with small variations in geometry. The reflection 

coefficient is measured at the input of the coaxial cable driving the monopoles and of a 
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shorted section of coaxial line having the same length. Applying basic transmission line 
theory to these data, one can determine the measured input impedance of the antenna 
with the reference "at the ground plane." All VSWR data is for a 50Q system. As the 
feed point properties of the various antennas are evaluated, we must also keep in mind the 

5 radiation properties of the antenna, so computed directivity is included herein. The 

predicted results of bandwidth and VSWR of each antenna are summarized in Table 301. 

We point out that, when the parasitic elements are added to each structure, the 
bandwidth ratio increases for the VSWR < 3.5 requirement. However, outside of this 
frequency range the VSWR is worse than that of the antenna without parasites. In other 

10 words, VSWR has, indeed, been improved markedly over the design range but at a 

sacrifice in performance outside the range, where presumably the antenna would not be 
operated. Also, notice that the deep nulls in the directivity at the horizon for the cage and 
the quadrifilar helix structures have been eliminated with the addition of the parasites. 
Thus the directivity is improved in the band where, on the basis of VSWR, this antenna is 

15 deemed operable, although there was no constraint on directivity specified in the 
objective function. 

A summary and comparison of the results for the various antenna structures 
represented in FIGS. 7 A. 8 A, 9A and 10A as well as Nakano's Helix Monopole and a 
SINCGARS dipole antenna that was developed and produced by ITT for the Army is 
20 included in the following Table 3. 



Structure 


VSWR 


BW Ratio 
/. 

Jj_ 


BW% 

100 t/;-/2) 


Frequency Range 
(MHZ1 


Height 
i£!Q) 


Width 

ism) 


Cage monopole 


<3.5 


11 


115 


950-2850 


17.2 


22 


Sleeve-cage 
monopole 


<15 


4.4:1 


m 


350-1550 


17.2 


5 


Quadrifilar 
helix 


<3.5 


1.6:1 


42 


500-800 




2 


Sleeye helix 


<3.5 


3.5:1 


m 


500-1750 




6 


SINCGARS 
Antenna 


<3.5 


22. 


112 


30-88 


2SQ 


2 


Nakano's Helix 
Monopole 


<L5. 


LI 


52 


627-1048 


19.8 


OA 



Table 3 

Additional results are now presented for the antenna of FIG. 7A with optimization 
for VSWR of less than 2 .5. An ant enna is tested having the following parameters: a = 
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3.175mm, d - 7.6cm, w = Ml cm, h\ = 2.55cm and h? = 22.95cm. As seen in the graph 
of FIG. 48A, a VSWR of less than 2.5 is achieved over a frequency band of 212-1 155 
MHz, resulting in a bandwidth ratio of 5.5:1. FIG. 48B shows the directivity versus 
frequency for the same antenna for different angles of theta (8). A summary and 



5 comparison of results for the optimization with VSWR<2.5 described above is listed in 
Table 4 below. 



Structure 


VSWR 


BW Ratio 


BW% 

100 (yi-/ 2 ) 


Freauencv Range 
(MHZ) 


Height 
(cm) 


Width 
(cm) 


Kine's open 
sleeve dicole 


<2.5 


1.77 


58.3 


225-400 


51 


13 


NTDR Antenna 


<2.5 


2,0 


70 


225-450 


200 


64 


Case monopole 


<2.5 


3J 


139 


212-775 


25.5 


1§ 



Table 4 



Additional results are now presented for the antenna of FIG. 7 A with optimization 
for VSWR of less than 2.0. An antenna is tested having the following parameters: a = 

10 0.814mm, d = 4.8cm, w = 3.256cm, hi = 1cm and h? = 9cm. Results are presented in 
FIG. 49A for the described cage monopole antenna as well as for thin straight wire 
antenna and a fat straight wire antenna. As seen in the graph of FIG. 49 A, a VSWR of 
less than 2.0 is achieved over a frequency band of 575-1500 MHz, resulting in a 
bandwidth ratio of 2.6:1. FIG. 49B shows the directivity versus frequency for the same 

15 antenna for different angles of theta (Q). A summary and comparison of results for the 
optimization with VSWR<2.0 described above is listed in Table 5 below. 



Stature 


VSWR 


PW RstfiQ 
/1 


BW % 

V/./2 


Frequency 
Range (MHZ,) 


Height 


Width 
Ism) 


4 

(mm) 




Nakano's Helix 
Monopole 


<2.0 


114 


13.44 


662-757 


19.8 


OA 


0.015, 
0.003 


<2.Q 


105 


5.78 


957-1014 


Cage monopole 


<2.0 


11 


139 


212-775 


25.5 


16 


0.814 



Tables 

Conclusions from the above num erical results include recognition that cage 
structures can be optimizes for lower VS WR. parasites of optimum size and placement 
20 improve VSWR of driven antenna, helical elements reduce height at sacrifice of 
bandwidth, and wire radius is an important parameter. 

23 



The following is a detailed description (including documentary reference s, a list 
for which is provided after the detailed description ) of an exemplary efficient curved- wire 
integral equation solution technique as may be practiced in accordance with the subject 
invention. 

AN EFFICIENT CURVED-WIRE INTEGRAL EQUATION SOLUTION 
TECHNIQUE: 

Shawn D. Rogers and Chalm e rs M. Butl e r 
Department of El e ctrical and Computer Engin ee ring, P.O. Box 340915, Cl e mson 

University 
Clemson, SC 29631 0915 

ABSTRACT 

Computation of currents on curved wires by integral equation methods is often 
inefficient when the structure is tortuous but the length of wire is not large relative to 
wavelength at the frequency of operation. The number of terms needed in an accurate 
piecewise straight model of a highly curved wire can be large yet, if the total length of 
wire is small relative to wavelength, the current can be accurately represented by a simple 
linear function. In embodiments of the present invention, a new solution method for the 
curved- wire integral equation is introduced. It is amenable to uncoupling of the number 
of segments required to accurately model the wire structure from the number of basis 
functions needed to represent the current. This feature lends itself to high efficiency. The 
principles set forth can be used to improve the efficiency of most solution techniques 
applied to the curved- wire integral equation. New composite basis and testing functions 
are defined and constructed as linear combinations of other commonly used basis and 
testing functions. We show how the composite basis and testing functions can lead to a 
reduced-rank matrix which can be computed via a transformation of a system matrix 
created from traditional basis and testing functions. Supporting data demonstrate the 
accuracy of the technique and its effectiveness in decreasing matrix rank and solution 
time for curved- wire structures. 
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t INTRODUCTION: 

Numerical techniques for solving curved- wire integral equations {i] may involve 
large matrices, often due primarily to the resources needed to model the structure 
geometry rather than due to the number of basis functions needed to represent the 

5 unknown current. This is obviously true when a subdomain model is used to approximate 
a curvilinear structure in which the total wire length is small compared to the wavelength 
at the frequency of operation. Usually the number of segments needed in such a model is 
dictated by the structure curvature rather than by the number of weighted basis functions 
needed in the solution method to represent the unknown current. There is a demand for a 

10 general solution technique in which the number of unknowns needed to accurately 
represent the current is unrelated to the number of straight segments required to model 
(approximately) the meandering contour of the wire and the vector direction of the 
current. In recent years attention in the literature has been given to improving the 
numerical efficiency of integral equation methods for curved- wire structures [2] - [13] . For 

15 the most part, presently available techniques incorporate basis functions defined on 
circular or curved wire segments. The authors of [2] define basis and testing functions 
along piecewise quadratic wire segments and achieve good results with fewer unknowns 
than would be needed in a piecewise straight model of a wire loop and of an Archimedian 
spiral antenna. Others introduce solution techniques for structures comprising circular 

20 segments that numerically model the current specifically on circular loop antennas 

f4}. An analysis of general wire loops is presented in [5] , where a Galerkin technique is 
employed over a parametric representation of a superquadric curve. In [6] aArcs of 
constant radii are employed to define the geometry of arbitrarily shaped antennas from 
which is developed a technique for analyzing helical antennas. Other methods which 

25 utilize curved segments for subdomain basis and testing functions are availabl e [7] - [10] . 

There are several advantages inherent in techniques in which basis and testing 
functions are defined over curved wire segments. Geometry modeling error can be made 
small and solution efficiency can be increased since to "fit" some structural geometries 
fewer curved segments are needed than is feasible with straight segments. Although these 

30 techniques are successful, they suffer disadvantages as well. First, the integral equation 
solution technique must be formulated to account for the new curved-segment basis and 



testing functions. This means that computer codes must be written to take advantage of 
the numerical efficiency of these new formulations incorporating the curved elements. A 
second disadvantage of curvilinear basis function modeling is that they fit one class of 
curve very well but are not well suited to structures comprising wires of mixed curvature. 

5 That is, circles fit loops and helices well but not spirals. Clearly, when a given structure 
comprises several arcs of different curvatures, the efficiency of methods employing a 
single curved-segment representation suffers. Elements like the quadratic segment or 
the arc-of-constant-radius segment increase the complexity of modeling. The third 
disadvantage of these techniques is that, for many structures, they do not lead to complete 

10 uncoupling of the number of the unknown current coefficients from the number of 
segments needed to model the structure geometry. For example, several quadratic 
segments or arcs, with one weighted unknown defined on each, would be required to 
model the geometry of one turn of a multiturn helix, yet the current itself may be 
represented accurately in many cases by a simple linear function over several 

15 turns. 

In this pape rdescription . an efficient method for solving for currents induced on 
curved-wire structures is presented. The solution method is based on modeling the curved 
wire by piecewise-straight segments but the underlying principles are general and can be 
exploited in conjunction with solution procedures which depend upon other geometry 

20 representations, including those that use arcs or curves. It is ideal for multi-curvature wire 
structures [12], [13] . The improved solution technique depends upon new basis and 
testing functions which are defined over more than two contiguous straight- wire 
segments. Composite basis functions are created as sums of weighted piecewise linear 
functions on wire segments, and composite testing functions compatible with the new 

25 basis functions are developed. The new technique allows one to reduce the rank of 

the traditional impedance matrix. We show how the matrix elements for a reduced-rank 
matrix can be computed from the matrix elements associated with a traditional integral 
equation solution method. Of paramount importance is the fact that the number of 
elements employed to model the geometric features of the structure is unrelated to the 

30 number of unknowns needed to accurately represent the wire current. 
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The concept of creating a new basis function as a linear combination of other 
basis functions is used in [14] for a multilevel iterative solution procedure for integral 
equations. Perhaps the composite basis function defined herein can be thought of as a 
"coarse level" basis function in multilevel terminology, although the method described in 
5 this specification is not related to the so-called multilevel or multigrid theory of [14] [16] . 
The improved solution technique requires fewer unknowns than the traditional 
solution to represent the current on an Archimedian spiral antenna. R e sults comparabl e to 
thos e pr e s e nt e d in [2] ar e achi e v e d for th e spiral. The improved technique also allows one 
to significantly reduce the number of unknowns required to solve for the current on wire 

10 helices. Specifically, the results of a convergence test show that the current on a helix can 
be modeled accurately with the same number of unknowns needed for a "similar" straight 
wire even though the helix has a large number of turns. 

Sr. INTEGRAL EQUATION FOR GENERAL CURVED WIRES: 

In this section we present the integro-differential equation governing the electric 

15 current on a general three-dimensional curved or bent wire. Examples are the wire loop, 
the helix, and the meander line shown respectively in FIGS. 1 1A, 1 IB and 1 1C. The wire 
is assumed to be a perfect electrical conductor and to be thin which means that the radius 
is much smaller than the wavelength and the length of wire. Under these thin-wire 
conditions the current is taken to be axially directed, circumferentially invariant, and zero 

20 at free ends. The equation governing the total axial current I(s)s on the thin curved wire 
is 




= -E'0)-s,.yeC (1) 



in which C is the wire axis contour, s denotes the arc displacement along C from a 
reference to a point on the wire axis, and s is the unit vector tangent to C at this point. 
25 The positive sense of this vector is in the direction of increasing s . K(s, s') is the kernel 
or Green's function, 

1 * p -J kR 

K{s,J)=± p—df, (2) 
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in which R is the distance between the source and observation points on the wire surface, 
andE' (s) is the incident electric field which illuminates the wire, evaluated in (1) on the 
wire surface at arc displacement s . Geometric parameters for an arbitrary curved wire are 
depicted in FIG. 12. 

5 HL TRADITIONAL SOLUTION TECHNIQUE: 

The new solution method proposed in this specification can be viewed as an 
improvement to present methods. In fact, employing the ideas set forth in Section IV, one 
can modify an existing subdomain solution method to render it more efficient for solving 
the curved- wire integral equation. Hence, the new method is explained in this 

10 specification as an enhancement of a method that has proved useful for a number of 
years. The method selected for this purpose is based on modeling the curved wire as an 
ensemble of straight- wire segments, with the unknown current represented as a linear 
combination of triangle basis functions and testing done with pulses. In this section this 
m e thod is outlin e d as a basis for th e e xplanation of th e n e w m e thod in Section IV. 

15 The first step in modeling a curved wire is to select points on the wire axis and 

define vectors r 0 ,ri v ..,r from a reference origin to the selected points. The curved wire 

is modeled approximately as an ensemble of contiguous straight- wire segments joining 
these points (cf. Ftgr- ^FIG. 13 ). The arc displacement along the axis of the piecewise 
linear approximation of C is measured from the reference point labeled r 0 . The arc 

20 displacement between r 0 and the n th point located by r n is l n . A general point on the 

piecewise-straight approximation of the wire axis is located alternatively by means of the 
vector r and by the arc displacement / from the reference to the point. Various 
geometrical parameters describing the wire can be expressed in terms of the 
vectors locating the points on the wire axis. The unit vectors along the directions of the 
25 segments adjacent to the point r p shown in FtgH lFIG. 14 are given by 

r -r Bl 

1 =-£ s=L (3) 

i^ivp, (4) 

p+ 

where 
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= r n -r 

p p- 



(5) 
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V =l r p+l~ r J- ( 6 ) 

The midpoint of the straight- wire segment joining r p and r p±l is located by 

r n± =~\r +r 1. (7) 
p± 21 p p ±x \ 

In order to emphasize the fact that the model is now a straight wire segmentation 
of the original curved wire, s in (1) is replaced by /, the arc displacement along the axis of 
the straight wire model. With this notation and subject to the piecewise straight wire 
approximation, Eq. (1) becomes 

- ■/ tt 1 * 2 fmi'te(U'W+4; \4i WWU'W \ = -e' (/) - i, / € l (8) 

4nk[ I dl[dV J 



where L is the piecewise straight approximation to C . 

In a numerical solution of the integral equation for a curved wire structure, the 
(vector) current is expanded in a linear combination of weighted basis functions defined 
along the straight- wire segments. Even though they can be any of a number of functions, 
15 those employed here, for the purpose of illustration in this specification, are chosen to be 
triangle functions with support over two adjacent segments. Thus the current may be 
approximated by 



A n (/)l n (/) (9) 

in which the triangle function A„ about the n th point on the segmented wire, as depicted in 
20 FigrSFKLii, is defined by 

'/-/ 



a (OH 



n-\ 



Is (I J) 

(10) 



/ -/ 

,/€(/ ,/ ) 

A 



where the unit vector 1 is defined in terms of the unit vectors associated with the 

n 

th 

segments adjacent to the n point: 
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n 



1 ,/€(/ / ) 

n- ^ n-\ n 

i ,/€(/,/ ) 



(11) 



N is the number of basis functions and unknown current coefficients /„ in the finite series 
approximation (9) of the current. N unknowns are employed to represent the current on a 
wire having two free endpoints and modeled by N -hi straight- wire segments. In this 
traditional solution technique described here, Af must be large enough to accurately model 
the geometric structure and vector direction of the current, even if a large number of 
unknowns is not required to approximate the current 1(1) to the accuracy desired. The 
triangle basis functions overlap as suggested in-ftgr ^FIG. 16 so an approximation with N 
terms incorporates, at most, N+\ vector directions of current on the wire. These point- 
by-point directions of current on a curved wire must be accounted for accurately by the N 
+1 unit vectors, yet N piecewise linear basis functions may be far more than may be 
needed to accurately represent the current 1(1). 

Testing the integro-differential equation is accomplished by taking the inner 
product of (8) with the testing function 



[0, otherwise 

depicted in ftgr ^FIG. 17 for m = 1, 2,. . N. The inner product of this testing pulse with a 
function of the variable / is defined by 



Expanding the unknown current / with (9) and taking the inner product of (8) with (12) 
for m =1, 2,..., N yield a system of equations written in matrix form as 




_ 1, le(l m ,lj 



(12) 




(13) 



[Z ][/ ] = [V ] 

mn n m 



(14) 



where 
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z =-J 



: 1 



4xk 



k 2 

T 



(A 1 i + A 1 1 )f" A (l')K(R )dV 

m- m- n- m+ m+ n- J n m 



+ (A 1 1 + A 1 1 )f"'A (I')K(R )dV 

n 

+ — f " K{RJdV — - ^K(R m )dV — — f" K{R m )dV 



+ - 



A 

n- 

A J m- 
n 

n+ 

is an element of the NxN impedance matrix with 



A 

n- 



R = 



4a 2 sin 2 — + (/ -V) 2 , I and/' on same segment 



r -r 



2 + a\ 



otherwise 



and 



R = 



(15) 



(16) 



4a sin— + (/ -/') , / and /'on same segment 

I 2 m ^ m ^ 



r -r 

m± 



(17) 



2 , ^ 2 

+ a , 



otherwise 



When the source (r' or /') and observation (r or / = (/ J J) points reside on the same 
straight wire segment of radius a, as infigr-8 FIG. 18 the exact kernel given by 

-jkR 



(18) 



is used. Otherwise for source and observation points on different straight- wire segments 
(cf. Fig. Q FIG. 19 ). the exact kernel is approximated by the so-called reduced kernel, 



K(i,n=- 



R 



(19) 



The approximation below, which is excellent when the segment lengths are small 
compared with the wavelength, is employed in arriving at the first two terms of (15): 
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i(/)-f(/),n (/)\»f(/ )• - A i +-a i 



(20) 



10 



15 



20 



The same approximation can be used to compute the elements of the excitation column 
vector, 



where E'(7^) is the known incident electric field at point l m on the wire. Of course, if 
desired the left hand side of (21) can be evaluated numerically in those situations in 
which the incident field varies appreciably over a subdomain. We also point out that 
testing with pulses allows one to integrate directly the second term on the left side of (8). 
The derivative of the piecewise linear current in (8) leads to a pulse doublet (for charge) 
over two adjacent straight wire segments. These operations on the second term in the left 
side of (8) lead to the last four integrals in (15). 
IMPROVED SOLUTION TECHNIQUE 

In this section a new technique for solving the curved-wire integral equation is 
presented. It is very efficient for tortuous wires on which the actual variation of the 
current is modest, a situation which often occurs when the length of wire in a given curve 
is small relative to wavelength, regardless of the degree of curvature. Composite basis 
and testing functions are introduced as an extension of the functions of the traditional 
solution method outlined in Section III . The composite basis function serves to uncouple 
the number of straight segments needed to model the curved-wire geometry and the 
vector direction of the current from the number of unknowns needed to accurately 
represent the current on the wire. This new basis function is a linear combination of 
appropriately weighted generic basis functions, e.g., basis functions (9) in the traditional 
method outlined in Section III , and is defined over a number of contiguous straight 
segments. This new basis function is referred to as a composite basis function since it is 
constructed from others. Even though the solution method can incorporate any number of 
different generic basis and testing functions, the piecewise linear or triangle basis 
function and the pulse testing function are adopted here to facilitate explanation. Also, 
this pair leads to a very efficient and practicable solution scheme. 




(21) 



The notion of a composite triangle made up of constituent triangles is suggested 
in Fig. 10 FIG. 20 . For simplicity in illustration, the composite triangle is shown over a 
straight line though in practice it would be over a polygonal line comprising straight-line 
segments, which approximate the curved wire axis. The q th composite vector triangle 



function can be constructed as 



X .( / )l =2>IA<(/)i« (22) 
/=1 



in which A* is the i' h constituent triangle defined by 



A ? (/)l 9 = < 



/-/" 

A q 

(23) 

l q -l 



' 1 * . /£(/ ,. , 

A 9 



and illustrated in Fig. 11 FIG. 21 . When q is used as a superscript it identifies a parameter 
related to the q th composite triangle function. The constitutive elements of the q th 

composite basis function are denoted by the subscript /. The parameter h q is the weight 

or magnitude of the i th constituent triangle within A . These weights are functions of the 

segment lengths within each composite basis function and are adjusted so that the 
ordinate to the composite triangle is a linear function of displacement along the polygonal 
line which forms the base of the composite triangle. For example, for five constituent 

triangles in the q th composite triangle of Fig. 10 FKL2Q, the weights h q and /z*are 

A* 

*;= — (24) 

A* + A* + A* 

1 2 3 

hi ! —. (25) 

A* + A ? + A 9 

12 3 
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The other weights are computed in a similar fashion. The parameter is the number of 
triangle functions A* employed to represent . The example composite basis function 

of Fig. 10 FIG. 20 is illustrated as the sum of five identical constituent triangles, but, of 
course, the constituents need not be the same if convenience or efficiency dictates 
5 otherwise. Also, this composite basis function is illustrated without the vector directions 
associated with each subdomain. In general the individual straight- wire segments over 
which a composite basis function is defined may each have a different vector direction. 

Finally, the current expanded with a reduced number of unknowns N is 

I{l)\{l) = jl h q {l)\ q (l) (26) 

q=\ 

10 where A (/) is the q th vector composite basis function defined earlier in (22) and 

/ is its unknown current coefficient. It is worth noting that constituent triangles are 

employed above to construct composite triangles but, if desired, they could be used to 
construct other basis functions, e.g., an approximate, composite piecewise sinusoidal 
function. 

15 If the number of unknowns in a solution procedure is reduced, then, of course, the 

number of equations must be reduced too which means that the testing procedure must be 
modified to achieve fewer equations. This is easily accomplished by defining composite 
testing pulses, compatible with the composite basis functions, as a linear combination of 
appropriately weighted constituent pulses. An example composite test pulse is depicted in 

20 Fig. 12 FIG. 22 . Such a p th composite testing pulse is defined by 



n/ /) = ^X n * (/) (27) 



k=\ 



where the constituent pulses associated with this p th pulse are 



n,(/) = 



1 led p I p, J 

l ' l ^Vk-' l kJ (28) 
0, otherwise 
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and shown in Fig. 13 FIG. 23 . If with every constituent triangle there were associated a 



corresponding constituent pulse, then the testing functions II would overlap, which is 
not desired and can be avoided by selecting the weight u p to be 0 or 1 depending upon 



whether or not the tf h constituent pulse in II is to be retained. To this end, the inner 

p 

product of (13) is modified in the composite testing procedure to become 

N p 



(29) 



k=\ 



Now that we have described the new basis and testing functions, we substitute the current 
expansion of (26) into (8) and form the inner product (29) of the resulting expression 

with II for p = 1, 2,. . ., iV . This yields the following matrix equation having a reduced 



number (N)of unknowns and equations: 



[Z ][/ ] = [V ] 

pq 9 p 



(30) 



where 



Z =Yu p Yh q 



k=\ i=\ 



47lk 



k r q 

— \(A p 1 p I q + A p 1 p I q ) [ \ q {V)K(R p )dV 

9 v k- k- i- k+ k+ i-' } * i v ' v k ; 



+ (A p \ p ■ I q + A p I p • 1 q ) f +l A q (r)K(R p )dr\ 

+— f q K(Rpdl'-— fK{R^)dV-— f; K(Rpdl' 



represents an element of the reduced-rank impedance matrix. At this point the 

reader is cautioned to distinguish between the index k which only appears in (31) as a 



(31) 
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subscript and the wave number k = co^fjie . The distances and R £ are given in (16) 
or (17) with m replaced by index and the forcing function is given by 



N 

p 



v =-^ p A l ;^(i p k )\i)di. 

k=\ it- 
One could compute the terms within the reduced-rank impedance matrix directly from 
5 (31). However, this would require more computation time than needed to fill the original 
impedance matrix of (14) since some constituent triangles within adjacent composite 
basis functions have the same support (Fig. 1 4 FIG. 24 ). The constituent triangles within 
the overlapping portions of two adjacent composite basis functions differ only in the 

weight h q . Therefore (31) incorporates redundancies which should be avoided. Also, a 

10 study of (1 5) and (31) reveals that the term within the braces of (3 1) is identical to Z mn of 
(15) if subscript / is replaced by n, subscript k by m, and the superscripts p and q are 

suppressed. Hence, the elements Z of the reduced-rank matrix can be computed from 

pq 

the elements Z mn of the original matrix by means of the transformation 

N p N q 

Z ^YufYWZ™ (32) 

pq Lu k*-~i i ki v J 

k=] ;=1 

15 where Z ^ is a term in the original impedance matrix Z mn of (15). The key to selecting 
appropriate Z mn term is the combination of indices p, q, k, and /. The index p (q ) 
indicates a group of rows (columns) in ^ mn j which are ultimately combined by the 

transformation in (32) to form the new matrix. The appropriate matrix element Z ^ in 

j^Z J is determined by intersecting the tf h row within the set of rows identified by index 

20 p with the i th column of the group of columns specified by index q . Of course the 

groupings of rows and columns are determined when one defines the composite basis and 
testing functions. 
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A transformation for computing the reduced-rank matrix [Z ] from the 
traditional matrix [Z ] which is more efficient than is the construction of the matrix 

mn 

from (31) can be developed. The key to this transformation is (32). First, two auxiliary 
matrices [L ] and [R ] are constructed and, then, the desired transformation is 

u pm nq J 

5 expressed as 



[Z } = [L J[ZJ[RJ 

pq pm mn nq 



(33) 



where 



pm 



1 1 1 



2 2 2 
1 2 # 



3 3 3 
U X U 2" U N> 



P P p 



N N N 



(34) 



and 
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nq 



k N 1 



, 3 

V 



h N ~ 

h N N 



(35) 



It is easy to show that the above matrix transformation is equivalent to (32). 

An alternative development of the transformation, which renders the meaning and 

construction of the matrices [L ] and [R 1 more transparent is presented. We begin 

pm nq 

with the traditional N x Af system matrix equation, 

[Z ][I ) = [VJ, (36) 

mn n m 

which is to be transformed to the N x N reduced-rank matrix equation 

[ZJ[7 9 ] = [?> (37) 
The number of unknown current coefficients in the original system of equations (36) is 



10 reduced by expressing the N coefficients / as linear combinations of the TV coefficients 
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/ (N <N). The / are constructed from the / by means of a scheme which accounts 

n v 7 q n 

for the representation of the composite basis functions in terms of the original triangles 
on the structure. The resulting relationships among the original and the composite 
coefficients are expressed as 

5 [/] = [* ][/ ] (38) 

where [R ] embodies weights of the constituent triangles needed to synthesize 

composite basis function triangles. The matrix [R ] directly combines unknown current 

coefficients consistent with the composite basis functions to result in a reduced number 
of unknowns. The construction is simple. If the triangle n from the original basis 
10 functions is to be used in the q th composite basis function, the appropriate weight of this 

triangle is placed in row n and column q of [R ] . Otherwise zero is placed in this 

position. Again we point out that a given triangle may appear in more than one composite 
basis function. After substituting (38) into (36) we arrive at a modified system of linear 
equations 

15 [zj[*J?l=\rj (39) 

mn nq q m 

which has a reduced number (N) of unknowns but the original number (N) of equations. 
To reduce the number of equations to N , tested linear equations are selectively added, 
which is accomplished by pre-multiplying (39) by [L ] to arrive at 



20 The identifications, 



and 



[L JZ ][R ][I ] = [L ][V ]. (40) 

pm mn nq q pm m 



[Z ] = [L ][Z )[R ] (41) 

pq pm mn nq 



[V ] = [L J[V ], (42) 

p pm m 
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in (40) lead to the desired expression (37). The matrix [L ] effectively creates composite 

testing functions from the original testing pulses. If the p th composite testing pulse 
contains the m th testing pulse from the original formulation, a one is placed in row p and 

column m of [L ] . Otherwise, a zero is placed in this position. 

pm 

There are other important considerations in the implementation of this technique. 
Again, we label the number of basis functions in the traditional formulation N and the 

number of composite basis functions N . In the previous section the number of 
constituent triangles for the q th composite basis function is designated N q . Here for ease 

of implementation it is convenient to chose N q to be the same value for every q, which 

we designate x ( N q = x for all q). Also, in the present discussion, we restrict t to be one 

of the members of the arithmetic progression 5, 9, 13, 17,. . .,. With x one of these 
integers, half- width constituent pulses are not required within the composite testing 
functions. TV must be sufficiently large to ensure accurate modeling of the wire geometry 
and vector direction of the current as well as to preserve the numerical accuracy of the 

approximations. In addition, N must be large enough to accurately represent the 
variation of the current. A convergence test must be conducted to arrive at acceptable 

values of N and N . Also, N, N and x must be defined carefully so that a value of x in the 
arithmetic progression will allow m NxN matrix to be reduced to an NxN matrix. 
The following formula is useful for determining relationships between N and N , for a 
given value of x, in the case of a general three-dimensional curved wire (without 
junctions): 

7V + 1 

N = 2^-^-1. (43) 
r + 1 

For a wire structure with a junction, e.g., a circular loop, where overlapping basis 
functions typically are used in the traditional formulation to satisfy Kirchhoffs current 
law, (43) becomes 
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N=^L. (44) 
r + 1 

Once N, N and x are determined, it is easy to write a routine which determines the 
original basis and testing functions to be included in the composite functions. This 

information is then stored in the matrices [L ] and [R ] . 

pm nq 

5 In the above, composite triangle expansion functions are synthesized from generic 

triangle functions but one could as well, if desired, approximate other composite 

expansion functions, e.g., "sine triangles" by adjustment of the coefficients h q _ . Similarly, 

other approximate testing functions could be created by adjustment of the factors u £ . 

Thus, a reduced-rank solution method with composite expansion and testing functions 
10 different from triangles and pulses could be readily created from the techniques discussed 

in this section. Only h q and u £ 5 peculiar to the functions selected in the method to be 

implemented, must be changed in (32) in order to arrive at the appropriate reduced-rank 

matrix elements Z . If [L ] of (34) were replaced by [R ^] T in (33) where [R ^] is 

defined in (35) and T denotes transpose, then the resulting reduced-rank matrix [Z ] 

15 would be that for a method which employs composite triangle expansion and 
(approximate) composite triangle testing functions. 
V. RESULTS 

Results obtained by solving the integral equation of (15) with the improved 
solution method developed above are presented in this section as are values of current 

20 determined by the traditional method. In some cases data obtained from the literature are 
displayed for comparison. Results are presented for the wire loop, an Archimedian spiral 
antenna, and several different helical antennas and scatterers. Current values on a small 
wire loop antenna are depicted in Fig. 15E KL25. The loop is modeled by 32 linear 
segments (and 32 unknowns) in the traditional solution technique. Also shown are values 

25 obtained from the new solution method with eight composite basis functions (eight 
unknowns) each having five constituent triangles constructed on twenty four linear 
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segments. These current values compare well with those from the traditional solution and 
with data from [2] where the loop is modeled with eight unknowns on quadratic 
segments. There is slight disagreement at the driving point which is to be expected (with 
eight unknowns) near a delta gap source where the current varies markedly. To 
5 investigate this discrepancy we use three triangle basis functions in the vicinity of the 
delta-gap source and do not form composite triangles in this region. The results are, 
shown in Fig. 16 FIG. 26 . Here the loop problem has been solved with 28 unknowns for 
the traditional method and twelve unknowns for the composite basis function solution. It 
is seen that the agreement is excellent even in the vicinity of the delta-gap source. 

10 The improved solution method is applied to a four arm Archimedian spiral 

antenna. This antenna is chosen since it is us e d in [2] to illustrate the usefulness of the 
quadratic subdomains for wires having significant curvature. A d e scription of th e 
geom e try of Archim e dian spiral ant e nnas is found in [17] and [18], The antenna is 
excited by a delta gap source on each arm located near the junction of the four arms. The 

15 results presented in this section are for mode 2 excitation -[49]. The antenna is also 

modeled by the traditional technique with 725 unknowns on each arm (725*4+3=2903). 
In {4-7} certain literature the authors implement a discrete body of revolution technique so 
that the number of unknowns needed for one arm is sufficient for solving the problem. 
Since our goal is to employ the such data of [17] to demonstrate the accuracy of our 

20 method and not to create the best analytical tool for the Archimedian spiral antenna, we 
solve this problem by including the same number of linear segments on each arm and 
placing overlapping triangles at the wire junction to enforce KirchhofFs current law. fa 
f2} tit is found that each arm requires 504 linear segments to obtain an accurate solution. 
They also obtain accurate values of the current with 242 quadratic segments. We 

25 reproduce these results with our improved solution method as illustrated in Figs. 17- 
4- 9FIGS. 27-29. respectively . The number of unknowns for each arm is 725 for the 
traditional technique and 241 for the improved method. In each composite basis function 
there are five constituent triangles. In Fig. 17 FIG. 27 the difference in the solution of the 
current for the two methods is seen to be negligible. Good agreement is also achieved for 

30 the current magnitude (cf. Fig. 18 FIG. 28 ). A favorable comparison with data from [2] is 
observed in Fig. 19 FIG. 29 . Since the symmetry in the geometry is not used to further 



reduce the number of unknowns required for the structure, the actual number of 
unknowns in the impedance matrices are 2903 and 967, respectively. The computation 
times for the various routines of the FORTRAN 90 code are presented i n Table 6 4he 
table-below. All times are for runs on a 375 MHz DEC Alpha processor. The time study 
5 shows that the reduction technique is successful in significantly reducing matrix solve 
time for this four-arm Archimedian spiral antenna. 

A standard linear equation solution method is employed to solve both sets of linear 
equations since the objective of this comparison is to delineate the enhanced efficiency of 
the reduced-rank method. 
10 TABLE [[I]]6 

COMPUTATION TIMES FOR ARCHIMEDIAN SPIRAL 



Event 


Time in Seconds 


Fill matrix N=2903 


1020 


Solve matrix equation N=2903 


1329 


Reduce matrix from 2903 to 967 


5.54 


Solve reduced matrix equation N=967 


45.81 


Traditional method total time 


2349 


Improved method total time 


1071 



Consider next a ten-turn helix having a total wire length of 0.5A, and illuminated 
15 by a plane wave. The geometry of the helical scatterer is depicted in Fig. 2 0 FIG. 30 . The 
current shown in Fig. 21 FIG. 31 is "converged" when the number of unknowns in the 
traditional solution technique reaches 259. Thus one concludes that 260 linear segments 
are required to accurately represent the geometry of this structure and vector nature of the 
current. We determine convergence by examining the real and imaginary parts of the 
20 current along the structure. When changes in the current are sufficiently small as the 
number of segments is increased, convergence is assumed-[S}. The results of a 
convergence test show that an accurate solution of the current can be achieved with 5 1 
composite basis functions. The number of constituent triangles in each basis function in 
this case is nine. We note that the solution with 27 composite basis functions differs only 
25 slightly from the converged solution. 

The current is shown in Fig. 22E KL32 for another helical scatterer of geometry 
similar to that described above and subject to the same excitation and geometry similar to 
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that described above. The circumference of each turn of this ten-turn helix is 
0.035X making the total wire length 0.35X. These results are given as an example to 
illustrate that the composite basis function scheme works well with curved-wire 
structures having a wire length which is not an integer multiple of half wavelength. 

5 The data of Fig. 23 FIG. 33 are for a 50-turn helix having a total wire length of 

2X and illuminated by a plane wave traveling in the positive x direction. One sees that 27 
unknowns are adequate to accurately represent the current along the helix. However, 
1483 unknowns are required in the traditional solution method since many linear 
segments are required to define the 50-turn structure and the vector properties of the 

10 current. In this example there are 105 constituent triangles in each composite basis 
function. Th e tabl e Table 7 below shows the computational savings enjoyed by the 
method of this invention. 

TABLE [[II]]7 

15 COMPUTATION TIMES FOR FIFTY-TURN 



HELIX 



Event 


Time in Seconds 


Fill matrix N=1483 


300 


Solve matrix equation N=1483 


267 


Reduce matrix rank from 1483 to 27 


1.84 


Solve reduced matrix equation N=27 


Negligible 


Traditional method total time 


567 


Improved method total time 


302 



Next we illustrate the prowess of the solution technique for helical antennas. 
Specifically the data presented in Fig. 2 4FIG. 34 and Fig. 25 FIG. 35 are for helical 

20 antennas driven above a ground plane by a delta gap source. The geometry of the helix is 
given in Fig. 20 FIG. 30 and the ground plane is located at z = 0. The data of the improved 
method compare well with those of the traditional solution technique, but, again, there is 
a slight difference in the currents at the ground plane due to the nature of the delta gap 
source. In each of these figures the number of unknowns given is the number for the 

25 structure plus its image, but data are plotted only for the part of the structure above the 
ground plane. Since there are many turns, the number of segments needed to represent the 
geometry of the antenna and its image is large. The number of unknowns is reduced from 
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N=917 in the traditional method to N=53 in the improved technique. Of course, one 
could employ image theory to modify the integral equation which could be solved by the 
new method with an even more dramatic savings in computer resources. 

The last example is a five-turn helical antenna over an infinite ground plane, 
5 driven by a delta gap source. This structure is included here becaus e it is used in [6] to 
exhibit the accuracy of a technique employing basis and testing functions defined over 
arcs of constant radii. It is modeled by straight wire segment s in [20] , Inf&j certain 
literature the authors discretize the antenna into fifteen arcs and then compare solutions 
of 135 unknowns with forty-five unknowns. They find that forty-five unknowns is 

10 enough to obtain an accurate solution for the current when the geometry is defined by 
arcs. We reproduce these results except that the antenna geometry is defined by many 
straight wire segments. In the method of this invention we include the unknowns on the 
image (269 unknowns on the antenna plus its image corresponds to 135 unknowns on the 
antenna above the ground plane). Likewise, 89 unknowns on the antenna and image are 

15 equivalent to 45 unknowns on the antenna. We find that helical antennas require a 
minimum of 25 unknowns per turn in the traditional solution technique in order to 
represent the geometry. In order to reduce the number of unknowns over the antenna and 
its image from 269 to 89, each composite basis function is constructed with 5 constituent 
triangles. A qualitative comparison of our data and that of [6] suggests agreement in the 

20 two methods. 

VI. CONCLUSIONS 

The solution method presented in this specification is very simple and practicable 
for reducing the rank of the impedance matrix for curved- wire structures. It should be 
25 mentioned that rank reduction is realized only when the number of segments needed to 
model the geometry and vector direction of the current exceeds the number of unknown 
current coefficients necessary to characterize the variation of the current. We define 
composite basis and testing functions as the sum of constituents over linear segments on a 
wire and arrive at a new impedance matrix of reduced rank. It is shown how this reduced- 
- 30 rank matrix can be determined from the original impedance matrix by a matrix 

transformation. Thus one advantage of this technique is that it can be applied to almost 



45 



any existing curved- wire codes which define basis and testing functions over straight- 
wire segments or curved- wire segments. 

Dramatic savings in matrix solve time are realized for the cases of the four-arm 
Archimedian spiral antenna and the helical antenna. The benefits for reducing unknowns 

5 on, for example, a helical antenna become much more significant as the number of turns 
increases. It should be pointed out that this method does not reduce matrix fill time since 
the elements of the original impedance matrix are computed as a step in the determination 
the elements of the reduced-rank matrix. Problems involving large curved-wire structures 
can be solved readily by this method, e.g., a straight wire antenna loaded with multiple, 

10 tightly wound helical coils and an array of Archimedian spiral antennas. The principles 
described here can be used in addition to other methods such as those based upon 
iteration. 
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Th e following is a d e tail e d d e scription of an An exemplary genetic algorithm that 
can be used in accordance with the subject invention to obtain optimal antenna 
parameters for given design criteri a is included in the computer program listing appendix 
provided on compact disc and is incorporated by reference herein . 
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ctttttttttttttt 



fttfwftttttttftttttttw ^ 



program gafortran 



e Thio io vcroion 1.7a, laot updated on 1/2/2001. 

e Laot minor bug found 6/14/00. 

e Copyright David L. Carroll; thio code may not be roproducod for calo 

e o r for u cc i n p art ^ ^ nthnr code for calo without tho expr e ss 

e written pormiooion of David L. — Carroll . 

cccccc c c cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

e David L. Carroll 

e CU Aorocpac e 

e 2004 South Wright Street Extended 

e Urbana, 1L 61 8 02 



e 



e o mail; carroll@cuaoroopaco.com 

e Phon e i 217 333 8274 

e £ax-+- 217 244 - 7757 
e 

e Thio genetic algorithm (CA) driver io froo for public uco. My only 

e roquoot io that the uoor roforenco and/or acknowledge tho uco of thio 

e driver in any pap?rr/™r nir1 " r / nrM rAnn which havG roculto obtain e d 

e from th e ucc of thio driv e r, I would aloo appreciate a copy of ouch 

e papcro/articlco/rcporto, or at l e act an e mail m e ooago with th e 

e reference oo I can get a copy. Thank o . 



e Thio program io a FORTRAN vcroion of a genetic algorithm driver. 

e Thic code initialiser -> T-mHnm nnmpln of individualo with different 

e paramct e ro to b e optimised uoing th e gen e tic algorithm approach, i. e . 

e evolution via ourvival of the fittoct. Tho ecloction echemo uood io 

e tournament DelectW ^ rhnf fling technique for chopping random 

€ pairo for mating. Tho routine includco binary coding for th e 

o individualo, jump mutation, creep mutation, and tho option for 

e oinglc point or uniform crocoovor. Niching (oharing) and an option 
for tho number of children per pair of paronto hao been add e d. 



e An option to ucc a micro CA io aloo includ e d. 



e 
e 

e caoicr to incorporate 
e 



For companicc wiching to link thic CA driver with an cxioting code, 
I am available for oomo conoulting work. Rogardleoo, I ouggeot 
altering thio code ao little ao poooiblc to make future updatoo 



Any uoero now to tho CA world are encouraged to road David Coldborg'c 

e "Conotic Algorithmic in Search, Optimisation and Machine Learning, " 

€ Addicon - Wooleyy 1989. 
e 

e Other asoociated filoo are: ga . inp 
€ ga . out 

e ga .rootart 

€ paramo . f 

€ RcadM e 

e ga2.inp (w/ different namoliot identifier) 

e 

e I have provided a oamplo oubroutino "func", but ultimately 

e the uoer muct supply this oubroutino "func" which ohould b e your - 

e coot function. You ohould be able to run the code with th e 

e oampl e cubroutine "func" and th e provid e d ga.inp file and obtain 

€ tho optimal function value of 1.0000 at generation 187 with th e 



€ u niform cr oco o vor t"^^^a onnblod (this io 935 function evaluations). 

e The code io presently set for a maximum population oiao of 2 00; 

e 3 0 ohromooomoG (binary bito) and 8 parameters. Thooo valuoo can be 

e changed in paramo . f ao appropriate for your probl e m. Correspondingly 

e you will have to change a few 'write' and 'format' otatemontc if you 

e change nchromc and/or nparam. - In particular, if you change nchrom e 
and/or nparam, then you ohould change the 'format' stat e m e nt numbers 



e 1050, 1075, 1275, and 1500 (c o c RcadMe file). 



B rl c acc feel free to ^n^^ mn with questions, — comment c, — or errors 
€ (hop e fully non e of latt e r) . 



e Disclaimer; this program is not guaranteed to b e free of error 

e (although it is believed to be free of error), th e r e fore it should 

e not bo relied on for solving problems whore an error could result in 

e injury or loos. If this code is used for such solutions, it is 

e entirely at the user's risk and the author disclaims all liability. 

ccccccccccccc c cccccc^^^^^^ r ^^^ ccccc ^ 

implicit rcal*8 — (a h,o - z) 
sav e 



include ' params . f ' 

dimension parent (nparmax, indmax) , child (nparmax, indmax) 
dimension fitness (indmax) ,nposibl (nparmax) , nichf lg (nparmax) 
dimension ipar e nt (nchrmax, indmax) , ichild (nchrmax, indmax) 
dimension gO (nparmax) ,gl (nparmax) , ig2 (nparmax) 
dimension ibest (nchrmax) 

dimension p a rmax (nparmax) , parmin (nparmax) , pardel (nparmax) 
dimension goni ( 1000000 ) , gonavg (1000000 ) , genmax (1000000 ) 
e real* 4 cpu, cpuO , cpul , tarray (2 ) 

common / gal / npopsia , nowrit e 

common / ga2 / nparam , nchrom e 

common / ga3 / parent , iparent 

common / ga4 / fitness 

common / ga5 / g0,gl,ig2 

common / ga6 / parmax, parmin, pardel ,nposibl 

common / ga7 / child, ichild 

common / ga 8 / nichflg 

common /inputga/ pcroo d , pmutat q f poroop r maxgon , idum, irostrt , 
+ itourny, iclitc, icroop, iunif rm, inicho, 

+ i skip , i end , nchi Id , mi croga , kountmx 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

e Input variabl e definitions ; 

e icrcep ■ 0 for no creep mutations 

e => 1 for creep mutations; creep mutations are r e commended. 

e idum The initial random number seed for th e GA run. Must equal 

e a negative integ e r, — e.g. idum °- 1000. 

e iclitc «■ 0 for no elitism (boot individual not necessarily 

e replicated from one generation to the next) . 

e 1 for elitism to be invoked (best individual replicated 

€ into next generation) ; — elitism is recommend e d. 

€ iend « 0 for normal GA run — (this is standard) . 

€ number of last population memb e r to b e looked at in a set 

e of individuals. S e tting iend 0 is only us e d for d e bugging 



e purpoc e o and io commonly used in conjunction with iokip. 

e inich e « 0 for no niching 

e «■» 1 for niching; niching io r e commend e d. 

e irootrt - 0 for a new GA run, — or for a cinglc function evaluation 
e - 1 for a rcotart continuation of a GA run. 

e iokip 0 for normal GA run (thio io otandard) . 

e ° number in population to look at a opocific individual or 

b cot of individualc. Setting iokip - 0 io only uo e d for 

e debugging purpoc e s. 

e itourny No longer uo e d. The GA io pr e oently cet up for only 

e tournament c e loction . 

e iunif rm « 0 for oingl e point croocov e r 

€ = 1 for uniform croocover; uniform croocover io r e commend e d. 

e kountmx ° the maximum value of kount before a now reotart fil e is 
e writt e n; preoently oot to writ e e v e ry fifth g e n e ration. 

e Incroaoing thio value will reduce I/O time rcquiremonto 

e and reduce w e ar and tear on your otorago d e vic e 

e maxgen The maximum number of genorationo to run by the GA. 
e For a single function ovaluation f — oet equal to 1 . 

e microga ° 0 for normal conventional GA operation 

e = 1 for micro - CA operation (thio will automatically rocet 

e come of the other input f lago) . I recomm e nd using 

e npopoia ° 5 when microga°l . 

e nchild = 1 for one child per pair of par e nts — (this is what I 
o typically ucc) . 

e = 2 for two children per pair of paronto — (2 io more common 

e in GA work) . 

G nichf lg = array of 1/0 flago for wheth e r or not niching occuro on 

e a particular parameter. Set to 0 for no niching on 

e a parameter, — oet to 1 for niching to operate on parameter. 

e The default value io 1, but the implementation of niching 

e io ctill controlled by the flag iniche. 

€ nowrite ° 0 to write detailed mutation and parameter adjuotmontc 

b = l to not write detailed mutation and param e ter adjuctm e nto 

e nparam Number of paramotoro — (groupo of bits) of each individual. 

e Make cure that nparam matcheo th e number of valuoo in th e 

e parmin, parmax and npocibl input arrayo . 

e npopois The population oiao of a GA run (typically 100 worko well) . 
o For a oingle calculation, — o o t equal to 1 . 

e npooibl » array of integer number of poooibilitico per parameter. 
e For optimal code efficiency oet npooibl°2**n / — i.e. — 2-, — 4-r 

e 8 , 16, 32 f 64, etc. 

e parmax array of the maximum allowed valuoo of the paramotoro 

e parmin - array of the minimum allowed valuoo of the paramotoro 

e pcr ee p The creep mutation probability. Typically c e t this 
e « — (nchrome/nparam) /npopcis . 

e pcross The croooovor probability. For oinglc - point crossover, a 
e value of 0.6 or 0.7 io recomm e nd e d. For uniform croocov e r, 

e a valu e of 0.5 io ouggooted. 

€ pmutat e The jump mutation probability. Typically oet m 1/npopcia. 
e 



e For oingle function e valuations c e t npopciz ° l 7 maxgcn°l, & iroctrt°0. 

e My favorite initial choicoo of GA paramotoro arc ; 
e microga « l , npopoia - 5 , — iunif rm - 1 , — maxgon - 2 00 

e microga - 1, npopoin^B, iunif rm - 0, maxgcn - 2 00 

e I generally get good performance with both the uniform and cingl e- 

e point croooovor micro GA. 

e For thoo o wiching to uco the more conventional GA t e chniquoo, 



my old favorite choice of GA paramctorc wac; 

iunifrm << l, inicho -' l, iolitonl, itournynl, nchild^l 



b 

J FormoGt problems I have dealt with, I got good performance using 

e ^--i nn nn-rnm^n R . pmutatc^O . 01 , pcrccp - 0.02, maxqcn"26 

B 



npopoia - lOO, pcroso - 0.5, pmutatc^O . 01 , pcrcep* 
npopois D O, porooo - 0.5, pmutatc - - 0 . 02 , pcrocp^O . 01 , maxgon^Sl 



Code variable def initiono (those not defined abov e ) i 
best " the beet fitness of the generation 

child «■ the floating point parameter array of the children 
G p U q cpu time of the calculation 

cpuO,cpul- cpu timco associated with 'ctimo| timing function 



cre e p 
delta 
dif f rac 



ovale 

#ba* 

fitness 

f itsum 

gonavg 

geni 

gonmax 



b 

J Any negative integer for idum should work. I typically arbitrarily 

e choose idum^ 10000 or 20000. 

b 

cccccccccccc c ^^^^^^^ rr ^ cocccccccccc ^ 
b 

B 
B 

B 
b 
b 
b 
b 
b 

B 

b 
b 

b 
e 

b 
e 
e 
^ 

B 

€ 
e 
e 
e 
b 

e 
e 
e 
e 
b 
e 

B 
B 
B 
B 
B 
B 

B 



ig2oum 
ibost 
ichild 
icount 

icross 

indmax 

iparont 

ictart 

jboGt 

jolit e 

jcnd 
j start 
kount 

kolit e 

matol 



1 1 or l, indicates which direction parameter creeps 

• del /np a ram 

■ fraction of total number of bits which are different 
between the best and the rest of the micro GA population. 
Population convergenc e arbitrarily set ac dif f raccO . 05 . 
number of function evaluations 
average fitness of population 
array of fitnesses of the par e nts 
sum of the fitnesses of th e parents 

array of average fitness values for each generation 
generation array 

array of maximum fitness values for each generation 
lower bound values of the parameter array to be optimised. 
The number of parameters in the array should match th e 
dimension sot in the above parameter statement, 
the increment by which the parameter array is increas e d 
from the lower bound values in the gO array. The minimum 
parameter value is gO and the maximum parameter valu e 
equals gO i gl* (2**g2 1), i.e. gl is the incremental valu e 
betw e en min and max. 

array of t h e nnmb" y ^ f >"t-r pp.r pnramGter. i.e. the number 
of possible values per parameter. For example, ig2^2 is 
equivalent to 4 ( ° 2**2) possibilities, ig2^4 is equivalent 
to 16 — ( » 2 + M) possibilities. 

sum of the number of possibilities of ig2 array 
binary array of chromosomes of the best individual 
binary array of chromosomes of the children 
■ counter of number of different bits b e tween b e st 
individual and other members of micro - CA population 
the crossover point in single point crossover 
■ maximum ft of individuals allowed, i.e. max population sia e 
binary array of chromosomes of the par e nts 
the generation to bo started from 

the member in the population with the best fitness 
a counter which tracks the number of bits of an individual 
which match thoco of the best individual 
used in conjunotion with iond for debugging 
used in conjunction with iokip for debugging 
a counter which controls how frequently the restart 
file is written 

kolite sot to unity when j elito = nchromo , indicates that 
the best parent was replicated amongst the childr e n 
the numb e r of the population member chosen as mat e l 



mat e 2 
nchrmax 
nchrom e 
ncrcop 
nmutat e 
nparmax 
paramav 
paramcm 
parent 
pardel 
rand 
nposoum 
tarray 
timoO 



the num b er of th" pnpnin-inn mnrnhnr nhooon as mate2 
maximum tt of chromosomes (binary bite) per individual 
number of ohromooomco (binary bite) of each individual 
ft of cr e ep m i i+-nH rmn wh-inVi nnnn-r-rnrt during reproduction 
ft of jum p mnt-nti^nr '"^nh nnmivmH during reproduction 
maximum tt of paramctero which the chromooomeo make up 
the average p->r-nm n i-nr -in the population 

the cum of each param e ter in the population 
the floating point parameter array of the parents 
array of th n iiffnranr-n ^ p j-wonn parmax and parmin 
the value of nirrnnf rgnHnm numb e r 

cum of the number of possible valuco of all paramet e rs 
time array uced with 'otimc 1 timing function 
clock time at ctart of run 



e 
e 

e 
e 

ccccccccccccaccccccccccccocccccccccccaoccccccccccccccccccccooccccccccocc 

e Subroutin e s ; 
e __________ 

e 
e 

e 
e 
e 
e 

€ 

e 

e 
e 
e 
e 

€ 

e 
e 

e call otimc (tarray) 

€ write (6,*) tarray (1) , tarray (2) 

& cpuO°tarray (1) 

e Call the input oubroutino. 
€ TIMEO ° SECNDS (0 .0) 

call input 



cod e 
crooovr 
decod e 
cvalout 

func 
gamicro 
input 
initial 

mutat e 
nowgon 



niche 
poooibl 

ran3 
rcotart 
oolect 
Gcloctn 

ohuf f l e 



Codec floating point value to binary string. 

Per forme crosoover — (Gingle point or uniform) . 

DocodoG binary string to floating point valu e . 

EvaluatCG the fitness of each individual and outputs 

g e n e rational information to the f ga.out ! file. 

The function which is being evaluat e d. 

Implements the micro GA techniqu e . 

Inputc information from the 'ga.inp' file. 

Program initialisation and inputs information from the 

'ga. restart ' — file . 

Per forms mutation (jump and/or creep) . 
Writes child array back into parent array for now 
generation; also chocks to coo if beet individual was 
replicated (elitism) . 

Performs niching (charing) on population. 

Chockc to see if decoded binary string falls within 

specified range of parmin and parmax. 

The random number generator. 

Writes the — ' ga. restart ' — file . 

A subroutine of — tscloctn' . 

Performs cclecti™v hmim^nnt nolnetion is the only 
option in this version of the code. 
- Chuff Icq the population randomly for selection. 



e Perform necessary initialisation and read the ga. rcotart fil e , 
call initial ( iotart , npocoum, ig2sum) 

^ $$$$$ Main gen e rational processing loop. $$$$$ 
kountrnQ 

do 20 i = i start , maxgen i ictart - 1 
write (6,1111) i 



write (24,1111) i 
writo(24, 1050) 

e 

e Evaluate the population, — acoign fitneoo, — cotablioh tho beot 
e individual, and write output information. 

call cvalout (iokip, iond, iboct , fbar , boot ) 

goni (i) afloat (i) 

gcnavg (i) «fbar 

gonmax ( i ) =b e s t 

if (npopcis . e q.l .or. ickip.n e .O) th e n 

cloce (24) 

stop 
e ndif 

e Implement "niching". 

if (inicho.nc.O) call niche 

e 

e Enter pclcotion, — croooovor and mutation loop. 
ncroop^O 
ipick=npopois 
do 15 j"l, npopcia, nchild 

e 

e Perform ccloction. 

call oeloctn (ipick, j , mat el , mat e 2 ) 

^ Now perform croccovor between tho randomly Delected pair, 
call crooovr (ncrocc j , mat el , mato2) 
4€- continu e 

write (6 , 1225) ncrooo 
write (24, 122 5) ncrooo 

e 

e Now p e rform random mutationo. If running micro GA, — skip mutation. 
4r£ — (microga.cq.O) — call mutate 

e 

e Write child array back into parent array for new generation. Check 
e to cee if tho beet parent wao r e plicated. 

call newgon (iolitc, npoocum, ig2cum, iboct) 

e Impl e ment micro - CA if enabled. 

i£ — (microga.no. 0) — call gamicro (i,npoccum> ig2oum, ibect) 

e Write to rcotart file. 

call rootart (i, iotart ,kount) 
-3-0- continue 

€ $$$$$ End of main gen e rational proceooing loop. $$$$$ 
c 999 continu e 

writo(24,3000) 

do 100 i ° l,maxgen 

cvalo=f loat (npopcis) *goni (i) 

write (24, 3100) goni (i) , ovale > gcnavg (i ) ,genmax(i) 
continue 



e call otimo (tarray) 

e write ( 6 , * ) tarray ( 1 ) > tarray ( 2 ) 

e cpul°tarray (1) 

e epu ° ( cpul cpuO ) 

e write (6, 1400) cpu, cpu/60 . 0 

e write (24 , 1400) — cpu, cpu/60 . 0 



CLOSE (24) 

1050 format (lx, 1 # Binary Cod e ' , 16x, ' Paraml Param2 Fitnoco 1 ) 

1111 format (// ' fttttf fttttttfttttttftfttttf fffttt Generation ', i5 > < tftf ftfttf tfttfttftttttf tftttttttt ' ) 



1225 format (/' Number of Croocov e re ° 1 / i5) 

c 1400 format (2x, ' CPU time for all gonorationo° ' , e!2 . 6 > ' cec ' / 
e + 3-x-r^- ' ,012.6, ' min') 

3 000 format (2x// 1 Summary of Output T / 

+ 2k, J Generation Evaluationo Avg.Fitneoo Boot Fitnooo ' ) 

3100 format (2x, 3 (olO. 4,43c) ,011.5) 

otop 

Cnd 

ctftttttttttffttttfftftftttfttttttfftMttttftttttftttMttttfttttttttttt 
cubroutino input 

e 

e Thic oubroutine inputo information from th o ga.inp (gafort.in) fil e . 
e 

implicit roal* 8 — (a h,o-a) 
cave 

e 

includ e ' paramo . f ' 

dim o noion npooibl (nparmax) , nichf lg (nparmax) 

dimoncion parmax (nparmax) , parmin (nparmax) ,pard e l (nparmax) 

e 

common /gal / npopois , nowrite 

common / ga2 / nparam, nchrom e 

common / ga6 / parmax, parmin, pardol , npooibl 

common / ga8 / nichflg 

common /inputga/ pcrooc , pmut ato , pcroop , maxgon , idum, ireotrt , 
+ itourny , iolito, icr ee p, iunif rm, inich e , 

+ i okip , i ond , nchi Id , mi croga , kountmx 

e 

namcliot / ga / ireotrt , npopoi a , pmutato , maxgon , idum, pcrooc , 
+ itourny, iolito, icrocp, pcroep, iunif rm, inicho, 

+ iokip, iond, nchi Id, nparam, parmin, parmax, npooibl , 

+ nowrito , nichflg , microga , kountmx 

kountmx «- 5 

irootrt o O 

itourny n O 

iolit e ^Q - 

iunif rm^O 

inich e °0 

iokip^O 

icnd^ O 

nchild °^r 

do 2 i^l ; nparmax 
nichflg (i) nl 
2- continu e 
microga^O 

e 

OPEN (UNIT - 24, FILE" ' ga . out 1 > STATUS" ' UNKNOWN ' ) 
rewind 24 

OPEN (UNIT~2 3, FILE « 1 ga . inp ' f STATUS " ' OLD ' ) 

READ (23 t NML ^ ga) 

CLOSE (23) 

itourny " ! 

irootrt - 0 

kountmx - maxgon 
o i£ — (itourny . eq. 0) — nchild=2 
e 

e Chock for array cising orrorc . 

i-f — (npopoiz . gt . indmax) — then 



write (6,1600) npopcia 
write (24 > 1600) npopcia 
clooo (24) 
otop 
ondif 

if (nparam.gt .nparmax) then 

write (6 , 1700) nparam 

write (24 , 1700) nparam 

cloco (24 ) 

ctop 
cndif 

e 

€ If ucing the microga option, recet somo input variabl e s 
i£ — (microga .no . 0) — th e n 
pmutato=0 . OdO 
pcrcep°0 . OdO 
itourny ^ 
iolite ^ 
inich e= 0 
nchild=l 

if (iunif rm. eq. 0) th e n 

pcroGC^l . OdO 
elce 

pcrocg ° 0 . 5d0 
ondif 
o ndif 

1600 format (Ix, ' ERROR! npopcia > indmax. Sot indmax ° — ' , i6) 
1700 f ormat (lx, ' ERROR: nparam > nparmax. Sot nparmax «° — 1 , i6) 

e 

return 

cttttttttttttftMtfttftMMtttfttMftttttftttftttttfttttffttfttftfttftfttttttttftft 
Gubroutino initial ( iotart , npooGum, ig2cum) 

e 

€ Thio cubroutino cote up the program by generating tho gO, gl and 
€ ig2 arrayc and counting th e number of chromocomoc roquirod for the 
€ opocificd input. The cubroutino aloo initialiaco the random numb e r 
e generator, parent and iparont arrayc — (roadc the ga.rootart file) . 

implicit roal*8 — (a h, o-a) 

oavc 

e 

include — ' paramo . f 1 

dimoncion parent (nparmax, indmax) > iparent (nchrmax, indmax) 
dimonGion npooibl (nparmax) 

dimoncion gO (nparmax) >gl (nparmax) > ig2 (nparmax) 

dimoncion parmax (nparmax) , parmin (nparmax) ,pardcl (nparmax) 

common / gal / npopcia > nowrit e 

common / ga2 / nparam, nchrom e 

common / ga3 / parent , ipar e nt 

common / ga5 / g0,gl,ig2 

common / ga6 / parmax / parmin , pardel , npocibl 

common /inputga/ porooo f pmutato , poroop , maxgcn f idum, irootrt , 
-h itourny, iolito, icrecp, iunif rm, inicho, 

+ iokip, iond, nchild,microga, kountmx 



e 
e 



do 3 i « l, nparam 
gO (i) = parmin (i) 



pardcl ( i ) nparmax ( i ) -parmin ( i ) 
gl (i) °pardcl (i) /dblo (nposibl (i) - 1) 
5- continue 

do 6 i«l,nparam 
do 7 jn.1,3 0 
n2j°2** j 

9ri — (n2j .g e .npocibl (i) ) — th e n 

ig2 (i) ° j 

goto 8 
ondif 

if (j.go.30) then 

write (6,2000) 

writc(24,2000) 

clocc (24) 

ctop 
endif 

^ continu e 
&■ continu e 
& continu e 

o Count the total number of chromooom e s — (bite) r e quired 
nchrgm e ^O 
npoooum^O 
ig2oum^0 
do 9 i«l,nparam 

nchromo^nchromo i ig2 ( i ) 

npocoum-^npocoum i npooibl (i) 

ig2cum=ig2cum i (2**ig2 (i) ) 
S- continue 

i£ — (nchromc . gt . nchrmax) — then 

write (6, 1 8 00) nchrom e 

write (24,18 00) nchrom e 

cloco (24) 

ctop 
ondif 

if (npocoum. It . ig2cum .and, microga .no . 0 ) thon 

write (6 f 2100) 

writo(24,2100) 
ondif 

e Initialise random number generator 
call ran3 (idum, rand) 

e 

if (iroctrt.eq.0) th e n 
€ Initialise the random dictribution of parametoro in the individual 
€ par o nto when irootrt=0. 
iotartnl 

do 10 i " l,npopcia 
do 15 j - 1, nchrom e 
call ran3(l>rand) 
iparont ( j , i) ni 

if (rand.lt . 0 . 5d0) iparent ( j > i) ^0 
continu e 
-3r0- continu e 

if — (npocoum.lt. ig2cum) call poooibl (parent , iparont ) 
oloo 

e If ir e strt .no.0 f road from r e ctart file. 

OPEN (UNITES, FILE^ 1 ga . r e ctart 1 , STATUS « ' OLD 1 ) 
rewind 25 

road(25, *) — ictart , npopciz 



do 1 j " l # npop£ ii 

rcad(25, *) k, (iparont (1, j) , 1 ° 1 , nchrome) 

i continuG 

CLOSE (25) 
ondif 

e 

if (ircctrt.no. 0) call ran3(idum iotart,rand) 

1800 format (lx, 'ERROR: nchrom e > nchrmax. Sot nchrmax ° 1 , 16) 
2000 format (lx, 1 ERROR: You have a parameter with a number of '/ 

+ i X/ ' possibilities ? 2**30! If you really dociro this, '/ 

+ ix ' i change the DO loop 7 ctatomcnt and recompile . 1 // 

+ lx] i You may aloo need to alter the code to work with'/ 

+ ix ' ' REAL numborc rather than INTEGER number s; Fortran'/ 

+ lx| ' docs not like to compute 2**j when j>30.') 

2100 format (lx f * WARNING; for come cases, a conoidcrablc performance'/ 
+ ix, ' reduction has been observed when running a non ' / 

+ ix| i optimal number of bite with the micro CA.'/ 

+ lx, ' If possible, ucc valucc for npocibl of 2**n / '/ 

+ lx , ' e.g. 2, 4, 8, 16, 32, 64, e tc. Sec ReadMe file. 1 ) 

return 
e n d 

c WtftfttttftttftW ^ 

cubroutinc ovalout ( ickip , iend, ibect , f bar , b e st) 

e Thic subroutine evaluates the population, accignc fitness, 
e establishes the best individual, and outputs information. 

implicit rcal* 8 (a h,o g) 

sav e 

e 

include ' paramc . f ' 

dimension parent (nparmax, indmax) , iparent (nchrmax, indmax) 
dimension f itnosG (indmax) 

dimension paramsm (nparmax) , par amav (nparmax) , iboot (nchrmax) 

e 

common /gal / npopcin , nowrit e 
common / ga2 / nparam, nchrom e 
common / ga3 / parent, iparont 
common / gad / fitness 

e 

f it sum™ 0 . OdO 
best-" l.OdlO 
do 29 n ° l,nparam 
paramsm (n)°0. OdO 
-2-9 continu e 
jstartr-ii 
jond=npopsia 

if (iokip.no. 0) j start^iskip 
if (iend.no. 0) jond^iend 
do 3 0 j^j start > j e nd 

call decode (j , parent, iparont) 

if (iskip. ne.O .and, iend.no. 0 .and, ickip . eg. iend) 
+ write ( 6 , 1075) j, (iparont (k, j ) , k-1 , nchrom e ) , 
+ (parent (kk, j ) , kk - 1 , nparam) ,0.0 

e 

^ Call function evaluates, ^ritn out-. Individual and fitness, and add 
e to the summation for later av e raging. 

call func ( j , funcval) 

fitness ( j ) nfuncval 



write (21 , 1075) j , ( iparent (k, j ) , k ° l , nchrome) , 
+ (parent (kk> j ) , kk » l, nparam) , f itnooc ( j) 

f itoum^f it cum i f itncGO ( j ) 
do 22 n-1, nparam 

paramom (n) ™paramom (n) i parent (n, j ) 
3-2- continu e 

e 

€ Chock to coo if f itnooc of individual j ic the boot fitnocc. 
if (fitnoco(j) .gt.boot) th e n 
boct^f itnooc ( j ) 
jbect= j 

do 21 k-1, nchrom e 

iboot (k) r.iparcnt (k f j ) 
QAr continu e 

ondif 
3-0- continu e 
e 

e Compute parameter and fitnocc avoragoc. 
fbar=f itoum/dble (npopciz) 
do 23 n^l, nparam 

paramav(n) ^paramcm(n) /dblc (npopcia) 
Or continu e 

e Write output information 
i£ — (npopoia . eq. 1) — th e n 

write (21, 1075) 1, (iparont (k, 1) , k = l , nchrome) , 
+ (paront (k, 1) ,k^l, nparam) , fitnocc (1) 

write (21 , *) — ' Average Valuoc : ' 
write (21, 1275) — (parent (k,l) , k^l , nparam) , f bar 
clc e 

write (24, 1275) — (paramav (k) , k-1 , nparam) , f bar 
cndif 

write (6, 1100) fbar 
write (24, 1100) — fbar 
write (6, 1200) beet 
write (21 , 1200) beet 

e 

1075 format (i3 , lx, 3 Oil , 2 (lx, f 7 . 1 ) , lx, f 8 . 5 ) 

1100 format (lx, 'Average Function Valuo of Generation - ', f 8 . 5 ) 
1200 f ormat (lx, 'Maximum Function Value = ' , f 8 .5/) 

1275 format (/' Averag e Valuoc ; M8x, 2 (lx, f 7 . 4) , lx, f 8 . 5/) 
return 

cttttMttftMttftttMttttfttttttfftMtttttttttttttt 
oubroutino nich e 

o Implement "niching" through Goldberg' c multidimcncional phcnotypic 
o charing cchomo with a triangular charing function. To find th e 
e multidimoncional dictance from tho boot individual, normalize all 
e param e ter differenc e s. 
e 

implicit r e al*8 — (a h, o-a) 
cave 

e 

includ e — ' paramo . f ' 

dimonoion parent (nparmax, indmax) , iparcnt (nchrmax, indmax) 
dimonoion f itn e cs ( indmax) ,npocibl (nparmax) , nichf lg (nparmax) 
dimoncion p a rmax (nparmax) > parmin (nparmax) > par del (nparmax) 

common / gal / npopois , nowrit e 



common / ga2 / nparam , nohrom e 

common / ga3 / parent, iparent 

common / ga4 / fitnooo 

common / ga€ / parmax,parmin,pardcl,npocibl 

common / ga 8 / nichflg 

^ Variable definitions: 
& 

e alpha ■ pow e r law exponent for charing function; typically ° 1.0 
€ del » normalised multidimoncional dictance between ii and all 

o other mcmborc of th e population 

€ (cqualo the square root of d e l2) 

€ de!2 = cum of th e oquarec of th e normalised multidim e nsional 
€ distance between member ii and all other members of 

^ the population 

e nnich e ■ number of niched parameters 

€ oigohar ° normalised distance to bo compared with del; in some sense, 

e 1/oigchar can be vi e wed as the number of r e gions ov e r which 

€ the sharing function should focus, — e.g. with cigshar ^ O.l, 

€ the charing function will try to clump in t e n distinct 

€ regions of the phase space. A value of sigchar on th e 

€ order of 0.1 seems to work b e st. 

e chare = charing function b e tween individual ii and j 

e sumshar ° sum of the charing functions for individual ii 

e 

o alphas! . 0 

oigchar = 0 . IdO 
nnich e ^O 

do 33 jj - 1/ nparam 

nniche ^nniche i nichflg ( j j ) 
3-3- continue 

i£ — (nniche. oq. 0) — th e n 

write (6, 1900) 

write (21, 1900) 

close (24) 

stop 
endif 

do 34 ii°l,npopsis 
sumsharrnQ . 0d0 
do 35 jni,npopsis 
dol2 « 0 .0d0 
do 36 k°l, nparam 

if (nichflg (k) .nc.0) then 

dcl2°dcl2 i ( (parent (k, j) parent (k, ii) ) /pardol (k) ) **2 
endif 

-3-6- continu e 

del " (dcqrt (dol2) ) /dblo (nnich e ) 
i£ — (del . It . cigohar) — th e n 
e chare=l . 0 ( (dol/cigchar) **alpha) 

sharc°1.0d0 - (dol/cigchar) 
els e 

share^O . OdO 
endif 

oumchar = cumchar i char e /dbl e (npopcia) 
3-& continue 

if (oumchar.no. 0 . OdO) — fitness (ii) °f itnoss (ii) /sumshar 
continu e 

■ 1900 f ormat (lx, ' ERROR: iniche°l and all valucc in nichflg array ° 0'/ 
+ lx, 1 Do you want to niche or not? 1 ) 



return 

c tftttttttttftftfttWW ^ 

oubroutinc colcctn ( ipick, j , matol , mat e 2 ) 

e S ubroutine for ccloction operator. Prcoently, tournament ocloction 
e io the only option available. 

implicit roal*8 — (a h,o - z) - 
oav e 

include 'paramo . f ' 

dim o noion parent (nparmax, indmax) , child (nparmax, indmax) 
dimoncion fitncGO (indmax) 

dimcnoion iparont (nchrmax, indmax) , ichild (nchrmax, indmax) 

e 

common / gal / npopois ,nowrit e 
common / ga2 / nparam, nchrom e 
common / ga3 / parent, iparont 
common / ga4 / fitness 
common / ga7 / child, ichild 

common /inputga/ pcrocG , pmutato , pcrecp , maxgon , idum, ircotrt , 
+ itourny, iclite, icroop, iunifrm, inicho, 

+ i okip , i end , nchi 1 d , mi cr oga , kountmx 

e If tournament c e loction ic chocen (i . c . ' itourny^l) , th e n 
e implement "tournament" cclcction for ccloction of now population, 
if (itourny. oq. 1) then 

call oolcct (matcl, ipick) 
call oclcct (matc2, ipick) 
e writc(3, *) matcl / mato2 / fitnocc (matol) , fitncoc (mato2) 

do 16 n^l .nchrome 

ichild (n, j ) =iparcnt (n, matol) 

if (nchild.cq.2) ichild(n, j i 1) -iparont (n,mato2) 
4-6 continu e 
cndif 

e 

return 
(^nd 

c # ##fttftfftWW 



oubroutinc orooovr (ncrooo, j , matcl / mate2) 

o Subroutine for rr^r^™*^ hni-Mnnn the randomly Golcctod pair, 
implicit roal*8 — (a h, o-s) 
c av e 

include ' paramc . f T 

dimoncion parent (nparmax, indmax) , child (nparmax , indmax) 
dimoncion iparent (nchrmax, indmax) , ichild (nchrmax, indmax) 

common / ga2 / nparam, nchrom e 
common / ga3 / parent , iparont 
common / ga7 / ohild, ichild 

common /inputga/ pcrooo, pmutato, pcrecp, maxgon, idum, ircotrt , 
+ itourny, iclite, icroop, iunif rm, iniche, 



pcrocD , piuuiam , pu-Luuju , mujujm./ -i^n-m, v. 
itourny, iclite, icroop, iunif rm, iniche, 
ickip, i e nd,nchild,microga, kountmx 

i£ — (iunif rm.oq. 0) — th e n 
Single - point croccover at a random chromooomo point 



call ran3 (1, rand) 

if (rand.gt .pcrocc) goto 69 

n'crooo-ncrooo i 1 

call ran3 (1, rand) 

iorooo ^ a idint (dblo (nchromo - 1) *rand) 
do 50 n^iorooo , nohrom e 

ichild (n, j ) ^iparont (n,mat e 2) 

if (nchild.oq.2) ichild(n, j i 1) ^iparont (n,matol) 
continu e 
o lo e 

bform croocov e r betw e en th e randomly coloctGd 



Perform uniform croocovcr setwocn cno ranaomiy ^i^^ pair, 
do GO nr- 1 , nchrome 
call ran3 (1, rand) 
if (rand. lo .pcrocc) — th e n 
ncrocc^ncrooc \ 1 
ichild (n, j ) °iparont (n,mat e 2) 

if (nchild.cq. 2) i child (n f j i 1) ^ jparcnt (n f matol) 
cndif 

6-Q continu e 
cndif 
continu e 



return 



cfttftttf 



cubroutinc mutat e 

implicit rcal* 8 — (a h, o s) 
cav e 



e 



include ' paramo . f 1 
dimonoion npooibl (nparmax) 

dimoncion child (nparmax, indmax) , ichild (nchrmax, indmax) 

dimonoion gO (nparmax) , gl (nparmax) , ig2 (nparmax) 

dimonoion parmax (nparmax) , parmin (nparmax) ,pardel (nparmax) 



/ npopois , nowrit e 
/ npar am, nchrom e 

/ go,gi,ig2 

/ parmax, parmin, pardol f npooibl 
/ child, ichild 

common /inputga/ pcrooo , pmutatc , pcroop , maxgcn, idum, ircotrt , 
+ itourny, iclito, icroop, iunifrm, inicho, 

+ iokip, iond, nchild, microga, kountmx 



common / gal 

common / ga2 

common / ga5 

common / ga6 

common / ga7 



Thio . subroutine performo mutationo on the children generation. 
Perform random jump mutation if a random number ic leoc than pmutat e , 
Perform random creep mutation if a different random number io l e es 
than pcroep. 

nmutat en O 

ncre e p^O 

do 70 jrni,npopcig 
do 75 k°l, nchrom e 
Jump mutation 

call ran3 (1, rand) 
4ri — (rand, lc .pmutat e ) — then 
nmutat e =nmutato i 1 
if (ichild(k,j) -oq.0) then 

ichild (k,j)"i 
else 



ichild(k f j) r ,o 
ondif 

if (nowritc.cq.O) write (6 , 1300) j , k 
if (nowrifao.cq. 0) write (24 , 1300) j , k 
ondif 
continu e 

e Creep mutation (one diccroto pocition away) . 
— (i creep .no. 0) then 
do 76 k->l,nparam 

call ran3(l,rand) 

if (rand.lo.pcreop) then 

call decode (j , child, ichild) 

ncre e p = ncroop i 1 

crcop=»l . OdO 

call ran3 (1, rand) 

if (rand.lt-0.5d0) croop ° 1.0d0 

child (k, j ) rn child (k, j ) i gl (k) *crcep 

if (child (k,j) .gt .parmax(k) ) then 

child (k, j ) ^parmax (k) - 1 . 0d0*gl (k) 
clooif (child (k,j) . It .parmin (k) ) then 

child (k, j ) ^ parmin (k) i 1 . 0d0*gl (k) 
ondif 

call code (j , k, child, ichild) 
if (nowritG.cq.O) write (6 , 1350) j,k 
if (nowrite.cq.O) write (24 , 1350) j , k 
ondif 

7-6- continu e 

ondif 
-W continu e 

writo (6, 1250) nmutatc., ncrocp 

write (24, 1250) nmutato , ncrcep 

e 

12 5 0 format (/' Number of Jump Mutationo ° 1 , i5/ 

h- -l Number of Creep Mutationo =',15) 

1300 format ('*** Jump mutation performed on individual ',14, 

+ —, — chromocom e — 1 , i3 , ' — *** 1 ) 
1350 format ('*** Creep mutation porformod on individual — ' , i4 , 

h- 1 , parameter ' , i3 , ! — *** 1 ) 

e 

r e turn 

cttmtfttfttttttfttfttttfftttftttttttttttftttttftftftttttttttttttMtfttfttttf 

oubroutino ncwgcn (iolito , npoooum, ig2oum, iboct) 

e Write child array back into parent array for now generation. Chock 
e to ceo if the beet parent was rcplicatod; if not, and if iolitC " !, 
e then reproduce the beot parent into a random olot. 

implicit rcal*8 (a h, 0-2) 
cave 



include — 'paramo . f 1 

dim e nsion par e nt (nparmax, indmax) , child (nparmax, indmax) 
dimonoion iparcnt (nchrmax, indmax) , ichild (nchrmax, indmax) 
dimonoion iboct (nchrmax) 

common / gal / npopcia , nowrite 

common / ga2 / nparam, nchrome 

common / ga3 / parent , ipar e nt 

common / ga7 / child> ichild 



i£ (npoooum. It . ig2cum) — call poGcibl (child/ ichild) 

kclite - 0 

do 94 j»l,npopoiB 
jclite ^a 

do 90 n ". l, nchrome 

iparont (n, j ) ^ichild (n, j ) 

if (iparont (n, j) .oq.iboot (n) ) jolito°jolito i 1 
4_f — ( jclito .cq.nchrom e ) — kelit e =l 
continu e 
$4- continu e 

4-i — (iolit e .no.O .and. kolito.cq.O) th e n 
call ran3 (1, rand) - 

irand^ldO i dint (dbl e (npopoia) *rand) 
do 96 n-1, nchrom e 

iparont (n f irand) ^ iboGt (n) 
continu e 

write (24 , 126 0) irand 
ondif 

1260 formatC Elitiot Reproduction on Individual ',i4) 

e 

r e turn 

cttttttttftttttffftfttWffttttttfttttHtHHtttffttttttttMtttttttHfttfHtttffttffttttfffttffttt 
oubroutino gamicro (i , npoGGum, ig2oum > ib e ct ) 

e Micro GA implementation oubroutino 
e 

implicit rcal*8 — (a h,o - z) 
Gav e 

e 

includ e 1 paramo . f ' 

dimonoion parent (nparmax, indmax) , iparont (nchrmax, indmax) 
dimonoion iboct (nchrmax) 

e 

common /gal / npopoia , nowrit e 
common / ga2 / npar am , nchrom e 
common / ga3 / parent , ipar e nt 

e Firot , — cheek for convergence of micro population. 

e If converged, — otart a now generation with boot individual and fill 
e the remainder of the population with now randomly generated parcnto. 

e Count number of diff e rent bite from beet member in micro - population 
i count ^0 

do 81 j=l,npopGia 
do 82 ri"l t nchrom e 

if (iparont (n,j) .no.iboot (n) ) icount mi count i 1 
-8-2- continu e 
&i continu e 

e If icount loco than 5% of number of bito, then conoider population 
e to bo oonvorgod. Rcotart with boot individual and random othoro. 
dif frao ° dblo (icount) /dble ( (npopois 1) *nchromc) 
if (diffrao.lt.O.OSdO) th e n 
do 87 n°l f nchrom e 

iparont (n, 1) «ibcot (n) 
%Q- continu e 

do 88 j ° 2,npopciz 



do 0 9 n"l f nohrom e 
call ran3 (l,rand) 
iparant (n, j ) " "1 

if (rand. It . 0 . 5d0) iparent in, j ) -0 
S-9- continuo 
continu e 

if (npoccum.lt .ig2oum) call poooibl (parent , iparont ) 
write (G, 13 75) i 
write (24, 1375) i 
endif 

e 

1375 format (//' W***-** Rcctart micro - population at generation 1 , 
return 

^ #ttttttttftfttfftfttffttfttttfttftftttftttf tttttttfttttfttttttttttt^ 



oubrout ino ccl e ct (mate , ipick) 
Thic routin e c el e ct n th" v^t-i-nr- nf i-wn pnnniblo paronto for mating. 

implicit rcal*8 — (a h, o - s) 
c ave 

e 

include ' paramc . f ' 
common /gal / npopoin , nowrit e 
common / ga2 / nparam, nchrom e 
common / ga3 / parent, iparont 
common /gad / fitnooo 

dimcnoion parent (nparmax, indmax) , iparont (nchrmax, indmax) 
dimcnGion f itnocG (indmax) 

if (ipick i l.gt.npopois) call chuff lo (ipick) 
if irot^ipick 
ioGCond°ipick i 1 
ipick ° ipick i 2 

if (f itncoo (if irot) . gt . fitnooo (icecond) ) then 

mato=if irct 
clc e 

mato^icccond 

endif 

e write (3,*) 1 ooloct ' , if irot , icecond, f itneoo (if irot) , fitnooo (ioooond) 

e 

return 
end 

cttftMtftttftttftttttfMttttMtttffttttfttftftttfttftttttttftttffffttftttttt^ 
oubrout ino ohuf flc ( ipick) 

€ Thic routine chuff! r nrpTl1 " nrray and ito correcpondinq fitneoo 



implicit rcal*8 — (a h,o - z) 
cav e 

include ' paramc . f 1 
common /gal / npopoi a , nowrit e 
common / ga2 / nparam, nchrom e 
common / ga3 / parent, ipar e nt 
common / ga4 / fitnooo 

dimencion par e nt (nparmax, indmax) > iparent (nchrmax, indmax) 



dimoncion f itneoo ( indmax) 
ipick - 1 

do 10 j°l,npopoia - l 
call ran3 (1, rand) 

iother - j i l i dint (dblo (npopoia - j ) *rand) 
do 20 n-»l , nchrom e 

itcmpniparcnt (n, ioth e r) 

iparont (n, ioth e r) = iparent (n, j ) 

iparont (n, j ) =itemp 
2& continu e 

tomp=f itneoo (ioth e r) 
fitnooc (iother) =f itnooc ( j ) 
f itneoo ( j ) --temp 
4r0- continu e 

e 

■ return 
e nd 

ctftftttttfttttfttftftttttftffttftffttttftffttttttttttttffttttftttttttffffttftttftttf 
oubroutino decode (i > array, iarray) 

e 

€ Thio routine docodoc a binary otring to a real number. 

implicit real*8 — (a h, o-a) 
oav e 

include ' paramo . f ' 

common / ga2 / nparam, nchrom e 

common / ga5 / g0/glfig2 

dimcnoion array (nparmax, indmax) , iarray (nchrmax, indmax) 
dimencion gO (nparmax) , gl (nparmax) , ig2 (nparmax) 

do 10 k°l, nparam 
iparam-^0 

do 20 j°m f m i ig2(k) — 3r 

iparam«iparam i iarray (j , i) * (2** (m i ig2 (k) — 1 - j ) ) 
-2-0- continue 

array (k, i) -gO (k) i gl (k) *dblc (iparam) 
i-G continue 
e 

return 
^ r^d 

ctftttttttttttttttttttttfttttttMtttttttttttttttttttttftttttttttttttt 

oubroutino code ( j ,k, array, iarray) 

e 

e Thio routine codec a param e ter into a binary otring. 

implicit rcal*8 — (a h y o-a) 
cav e 

e 

include — ' paramc . f ' 

common / ga2 / nparam, nchrom e 

common / ga5 / gO^glyig 2 

dimoncion array (nparmax, indmax) , iarray (nchrmax, indmax) 
dimencion gO (nparmax) , gl (nparmax) , ig2 (nparmax) 



B Firct > — cctablich the beginning location of th e parameter otring of 
e interact . 

iotart ° 3 r 

do 10 i « l,k 1 

iotartr.ictart i ig2 (i) 
i-0 continu e 

e Find the equival e nt coded paramet e r valu e , — and back out the binary 
e otring by factors of two. 
m = ig2 (k) — 1 

if — (gl(k) . eq.O.OdO) r e turn 
iparam = nint ( (array (k, j ) - gO (k) ) /gl (k) ) 
do 20 i^ictart > ictart \ ig2 (k) - 1 
iarray (i, j ) 

if ( (iparam i 1) .gt . (2**m) ) then 

iarray (i,j) ^ 

iparam°iparam 2**m 
ondif 
m = m - l 

3- 0- continue 

o write (3 , *) array (k, j ) , iparam, (iarray (i, j ) , i = ictart , iotart i ig2 (k) - 1) 

€ 

return 

ctftftttttttttttttttttttfttttttttMtttttfttttMtttttttttttf 

cubroutino poccibl (array, iarray) 

e 

e Thio subroutine determines whether or not all paramotoro arc within 

e the opecifiod range of possibility. If not, the parameter io 

^ randomly reapcignod within the rang e , Thic subroutine ic only 

e nocGODary when the number of possibilities per parameter ic not 

e optimised to be 2**n, — i. e . — if npocGum < ig2cum. 

e 

implicit rcal*8 — (a h,o - a) 
pave 

e 

include ' paramc . f 1 
common / gal / npopsis , nowrit e 
common / ga2 / nparam, nchrom e 
common / ga5 / g0,gl,ig2 

common / ga6 / parmax, parmin,pardcl,nposibl 
dimenpion array (nparmax, indmax) , iarray (nchrmax, indmax) 
dimenpion gO (nparmax) ,gl (nparmax) , ig2 (nparmax) ,nposibl (nparmax) 
dimenpion parmax (nparmax) , parmin (nparmax) ,pard e l (nparmax) 

do 10 i ^ l/npopsiz 

call decod e (i , array, iarray) 
do 20 j ° l, nparam 
n2ig2 j°2**ig2 ( j ) 

if (npocibl ( j ) ,ne.n2ig2j — . and . array ( j , i ) . gt . parmax ( j ) ) th e n 
call ran3(l,rand) 

irand = dint (dble (nposibl ( j ) ) *rand) 
array (j , i) °g0 ( j ) i dblo (irand) *gl ( j ) 
call code ( i , j , array, iarray) 
if (nowrite. oq.0) write (6 , 1000) i,j 
if (nowrite. eq.0) writ e (24 , 1000) i,j 
ondif 
continu e 

4- 0 continu e 



1000 f ormat ( ' *** Paramctor adjuctmont to individual 1 , i4 , 

+ ' , parameter T , i3 , ' — *** 1 ) 

e 

return 

ctttftttftttftfttftttfttttttttttttftttfttfttttfttttttfttftfftfttttttfffftttttttttfttttftt^ 
cubroutino restart (i, ietart , kount ) 

e Thic cubroutino writoc roctart information to the ga.roctart file. 

implicit real*8 — (a-h, o-s ) - 
cav e 

e 

include ' paramo . f ' 
common /gal / npopcia , nowrito 
common / ga2 / nparam, nchrom e 
common / ga3 / parent, ipar e nt 

dimcncion par e nt (nparmax, indmax) , iparont (nchrmax, indmax) 
common /inputga/ pcroos , pmutato , pcreep, maxg e n, idum, ireotrt , 
+ itourny, iolite, icre e p, iunif rm, inichc, 

+ i okip , i end , nchi Id , mi croga , kountmx 

kount=kount 1 1 

i f ( i . eg . maxgen i iotart - 1 . or . kount . e g . kountmx) then 
OPEN (UNIT=25, FILE^ ' ga . roctart 1 , STATUS " 1 OLD 1 ) 
rewind 25 

write (25, *) i i l,npopoiE 
do 8 0 j«l,npopoig 

write (25,1500) j , ( iparont ( 1 , j ) , 1°1 , nchrome) 
£-0 continu e 

CLOSE (2 5) 
kount =0 
endif 

1500 format (i5,3x,30i2) 
return 

cfftftfttfttttftttf#fttttftttfttfttftftttttfMttttftfttttttffttffttftftftttttttttf 
cubroutino ran3 (idum, rand) 

e 

e Roturnc a uniform random deviate betw ee n 0.0 and 1.0. Sot idum to 

€ any negative value to initialise or reinitialize the coguonce. 

e Thic function is taken from W.H. Proce ' > "Num e rical Recipcc" p. 199. 

e 

implicit rcal*8 (a h,m,o - s) 
cav e 

€ implicit roal*4(m) 

parameter (mbig^4000000 . ,mcoed^l618033 . ,ms=0 . , fac=l . /mbig) 
€ paramet e r (mbig^lOOOOOOOOO , moeed = 1618033 98 ,ma^0 , f ac *» l . /mbig) 

e According to Knuth, any largo mbig, and any entailer (but otill large) 
e mocod can bo oubotitutcd for the above valuoo. 

dimcncion ma (55) 

data iff /0/ 

if (idum. It. 0 .or. iff. e g. 0) th e n 
mj ° mc e ed - dblc (iabc (idum) ) 



mj^dmod (mj , mbig) 
ma ( 5 5 ) ^m j 
mk-i 

do 11 i - 1,54 

ii^mod (21*i, 55) 
ma (ii) °mk 
mk=mj - mk 

if (mk. It .ma) mk ° mk imbig 
m j =ma ( i i ) 
continu e 
do 13 knl f 4 

do 12 i=l,55 

ma (i) ■ ma (i) -ma (1 imod (i i 30, 55) ) 
if (ma (i) . It .ma) ma (i) nma (i) i mbig 
i3- continu e 
i3- continu e 
in e xt°Q 
incxtp ^i 
idum = l 
ondif 

inoxt=incxt i 1 

if (inext .oq. 56) — inext=l 

inoxtp » inoxtp i 1 

if (inoxtp.cq.56) incxtp ^ l 

mj = ma (inoxt) - ma (inoxtp) 

if (mj . It .ma) mj ^ mj i mbig 

ma (in e xt) =mj 

rand = mj *f ac 

return 

ctfftftfttftffttftftttttttttftttttfftftttttMtftftftttttftttttttttfttfttftfttfttftttt 
e 

oubroutino f unc ( j , f uncval ) 

e 

implicit roal*8 — (a h,o - a) 
Gave 

include — 'paramo . f 1 

dimencion parent (nparmax, indmax) 

dimension iparont (nchrmax, indmax) 
e dimcnoion paront2 ( indmax, nparmax) , iparont2 (indmax, nchrmax) 

e 

common / ga2 / npar am , nchrom e 
common / ga3 / parent , iparont 

€ Thio ic an N - dimencional veroion of the multimodal function with 

e docrcacing p e ako uccd by Goldberg and Richardson (1987, coo RcadM e 

e file for complet e r e f e renc e ) . In N dimonoionc, thio function hac 

e (nvalley l) A nparam peako, but only on e global maximum. It ic a 

e rcaconably tough problem for the CA, e opocially for higher dimonoiono 

e and larger valuoo of nvalley. 

nvalley " 6 

pi°l . OdO*datan (1 .dO) 

funcval - 1 . OdO 

do 10 i ° l,nparam 

fl ~ (oin(5 . Id0*pi*parent (i, j ) — i 0 . 5d0) ) **nvalloy 
f 2 ° cxp ( ■ 4 . 0d0*log (2 . OdO) * ( (par e nt (i, j ) - 0 . 0667d0 ) **2 ) /0 . 64d0) 
f unc va 1 ° f unc val * f 1 * f 2 
4-0- continu e 



e Ac mentioned in the RcadMo file, The arrayo have boon rearranged 

e to enable a more f H ni nnt- nnnhing of oyotom memory. If this cauooo 

e interface probl e mo with cxioting functiono uood with previous 

e vcroiono of my code, then you can uoc oome temporary arrayo to bridg e 

e thic vcrcion with ^1^^ ^rninnn. I've named the temporary arrayo 

e parent 2 and ip are nf? If you want to uoc th e se arrayo, uncomment th e 

€ dimcnoion ctatoment above ao well ao the following do loop lin e s. 

e 

e do 11 i=l,nparam 

e paront2 ( j , i ) ^parent ( i > j ) 

c 11 continu e 

e do 12 k = l,nchrom e 

e iparent2 (j , k) niparcnt (k, j) 

c 12 continu e 

e 

return 

en d 

ctffttttttfftfttttftttfttttftttttttftttftftfttttftttttttttttffttttttttttttfttttfttttttfttttttttfffttttfttttfttttttfttttfttftfftttftftftftftttft 



■$g^ 

ireotrt " Q , 
microga°l , 
npopoia- 5, 
nparam° 2 , 
pmutatQ°Q . 02d0, 
maxgon=2 00 / 
idum^ - 1000, 
pcrocc « 0 . 5dQ , 
itourny^l, 
iolito ° l / 
icroep ^ O , 
pcr ee p=0 . (HdO, 
iunif rm-1, 
inichc^O , 
nchild - l f 

iokip- 0/ iond " -0-r 
nowritc°l , 
kountmx=5 > 
parmin= 2*0.0d0, 
parmax" 2*1. OdO, 
npooibl~2*32768, 
nichf lg-^2*!, 
$ e nd 



irQCtrtrnO , 
microga - 1 , 
npopoiz - 5, 
nparam - 2 , 
pmutatc-0 . 02(10, 
maxg e n = 2 00 , 
idum = 1000, 
pcrooG = 0 . 5d0 , 
itourny=l , 
iolit e °l > 
icrcop^O / 
pcr ee p°0 . 04d0, 
iunif rm=l, 
inichQ°0 , 
nchild°l , 

ickip^ 0, — i e nd° -0-r 
nowritc°l , 
kountmx - 5 , 
parmin = * 2*0. OdO, 
parmax= 2*1. OdO, 
npooibl=2*32768, 
nichf 19=2*1, 
/ 
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fttftffttttttfttttftttfttttffttftt Generation i 
# Binary Cod e 

1 100011111101010001001000001101 

2 oooiiooiooioooiioiooiiiooiiioo 

3 liooioioioiiooiiioiioioioiioio 
i oioiooiiioooioiiioiiiiiioioooi 

5 111011111100000100100111110101 
Av e rage Values : 



Average Function Value of Generation^ 0.02047 
Maximum Function Valu e ■ 0.10147 



Number of CrooDOvcro ** £4 

Elitist Reproduction on Individual 



##tttfttttttfttttttfftftftttttft 




Paraml 


Param2 


Fitnooo 


0.5618 


0 .1410 




. 00000 


0 .0982 


0 .6532 


£- 


.10147 


0 .7918 


0.8543 


0- 


. 00027 


0.3263 


0 .8736 




,00064 


0 . 9366 


0 . 5778 




.00000 


0.5429 


0.6200 


£- 


.02047 



tftttttttftftttttttftttftttttttttt Generation 3- 
# Binary Cod e 

1 oiooioiiooiiooiiiooiiiiioiiiio 

2 oooiiooiooioooiioiooiiiooiiioo 

3 liooiooiooioooiiioiiiioioiiooo 
i oooioooiioioioiioioiiiiooiiioi 

5 110110101011101110110111011011 
Average Valuoc : 



Average Function Value of Generation^ 0.04206 
Maximum Function Valu e - 0-10147 



Number of Croocovers — 3-3- 

Elitiot Reproduction on Individual 



fttttttrtttftftfttfttttttftttttttt 




Paraml 


Param2 


Fitneco 


0.2937 


0.8115 




.00916 


0.0982 


0.6532 




.10147 


0 .7857 


0 . 8699 




,-00008 


0.0690 


0 . 6845 




,09532 


0.8544 


0.8583 




. 00430 


0.4202 


0.7755 




. 04206 



tftftttttttftfttfttttfftttttfttttt Generation £ 
# Binary Code 

1 ooooiooiooiiooiiioooiiiooiiioo 

2 oooioooiioioioiioiooiiiooiiioo 

3 oooioooiooioooiioiooiiiooiiioo 

4 oooiiooiooioooiioiooiiiooiiioo 
g oooiiooiooioioiioiooiiiooiiioi 

Average Values ? 

Average Function Value of Generation^ 0.13 021 
Maximum Function Valu e ° 0.22471 



ttttfttttttftffttttttfftfttftttttt 




Paraml 


Param2 


Fitneop 


0.0359 


0.7782 




.00019 


0.0690 


0.6532 




.22390 


0.0669 


0.6532 




,22471 


0.0982 


0 . 6532 


•0- 


.10147 


0.0983 


0 .6532 


-0- 


.10080 


0.0737 


0.6782 


Q- 


.13021 



Number of Croscovers 



%%%%%%% Rcctart micro - population at generation 2 %%%%%%% 



tftfttttfttttftttftttftttttttttttt G e neration 4 #ftttttfttttttttfttfttttffttttttt 

# Binary Code Paraml Param2 Fitnocc 

1 000100010010001101001110011100 0 . 0669 0 .6532 0 .22471 
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1011 01001 01 01010 11 oo oooo oo oho 
111001101100010101101000100001 




. 705? 
.9015 




.3752 
. 7042 




. 00000 
,00011 




111010011010001010101101010111 




.9127 




.3386 




.00000 


&- 


01001001001000 0110111110010000 




.2857 




.8716 




, 02351 



Average Valuoo s 0.5745 0.5 88 6 0.04967 

Average Function Value of G e n e ration^ 0.04967 
Maximum Function Valu e ° 0.22471 



Number of Croccov e rs • £7- 

Elitiot Reproduction on Individual & 



fttttttffttttttttffffttttttftfftft Generation & #####tfttttfttftttftfftfttttt 

# Binary Code Paraml Param2 Fitn e oc 





110010011010001010111110 010011 
010000010010001111001110010100 




. 7877 
, 2544 


G- 
€- 


.3717 
.9030 




.00000 
.00370 


2- 


000000010010001101111110010100 




. 0044 


3- 


.7467 




.00000 


3- 


011100010010001100001100011111 




.4419 




. 5244 




. 00271 


Ar~ 
%~ 


000100010010001101001110011100 




. 0669 




.6532 




.22471 



Average Values! 0 . 3111 0 . 6398 0.04622 

Average Function Value of Goncration= 0.04622 
Maximum Function Valu e ° 0.22471 



Number of Crocoovcro - &± 

Elitiot Reproduction on Individual -2- 



tffttffttttttfttfttfttfttftftttfft Generation £ fttftftttttfftttttfttftftttttfftft 

# Binary Code Paraml Param2 Fitneoc 



i- 


110110010010001110101110010101 
000100010010001101001110011100 




. 8482 
.0669 


■0- 
3- 


.8405 
.6532 




.00482 
.22471 


2- 


011100010010 0011010 01110011110 




. 4419 


S- 


.6533 




.09732 


3- 


010000010010001111001110011101 




. 2544 


£- 


.9033 




.00358 


4- 
-5- 


010100010010001100001100011100 




.3169 


S- 


.5243 




.00036 



Average Valuoo ; 0 .3 8 57 0 . 7149 0 .0 6 616 

Average Function Value of Generation - 0.0 6 616 
Maximum Function Valu e = 0.22471 



Numb e r of Croccov e rs ** -7-8 

Elitiot Reproduction on Individual & 



tttftttttttttftttttfftttfttftttttt Generation =h 
# Binary Cod e 

1 110100010010001111001110010100 

2 011100010010001101001110011110 

3 010100010010001100001110010111 

4 001100010010001101001110011100 

5 000100010010001101001110011100 



Paraml Param2 Fitneco 
0.9030 



0.8169 
0.4419 
0.3169 
0.1919 
0.0669 



0.6533 
0.52 8 1 
0.6532 
0.6532 



0 .00015 
0.09732 
0 .0001 8 
0 .00115 
0 .22471 



Av e rage Value o ; 



0.3669 0.6782 0 .06470 
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Function Value of Generation ^ 0.06470 

= 0.22471 



Averag e 
Maximum 



Function Valu e 



Number of Croooovero 



tttttttttttttttttfttfttttttttftftf Generation % 
# Binary Cod e 

1 oooioooiooioooiioiooiiiooiiioo 

2 oiiioooiooioooiioiooiiiooiiiio 

3 oioioooiooioooiioiooiiiooiiiio 

1 0111000100100 01100001110011111 - 

5 ooiioooiooioooiioiooiiiooiiioo 

Average Valu e s 



Paraml 
0.0669 
0 .4419 
0 .3169 
0.4419 
0.1919 



Param2 
0.6532 
0.6533 
0.6533 
0.5283 
0.6532 



Average Function Value of Generation^ 0.06744 
Maximum Function Valu e ° 0.22471 



Number of Crocoov e rs — 
Elitict Reproduction on Individual 



Fitn e ss 
0 .22471 
0.09732 
0.01271 
0.00132 
0.00115 



0 .2919 0.62 8 3 0 . 06744 



fttttffttttfttfttfttftfttttttttftf Generation * 
# Binary Cod e 

1 oiiioooiooioooiioiooiiiooiiiio 

2 oioioooiooioooiioiooiiiooiiiio 

3 000100010010001100001110011100 

4 011100010010001100001110011111 

5 oooioooiooioooiioiooiiiooiiioo 

Av e rage Valu e s ! 



ttttftttttfttttttttttttttttttftttt 




Paraml 


Param2 


Fitness 


0 . 4419 


0.6533 


-0- 


. 09732 


0 .3169 


0.6533 




. 01271 


0 . 0669 


0 . 5282 




.00310 


0 . 4419 


0 .5283 




. 00132 


0 . 0669 


0.6532 


& 


. 22471 


0.2669 


0.6033 




.06783 



Average Function Value of Generation^ 0.06783 
Maximum Function Valu e ° 0-22471 



Number of Crossov e rs 



%%%%%%% Restart micro population at generation 3- %%%%%%% 



tftftttffttftttftttftttttfttftftft Generation ±& 
# Binary Cod e 

1 oooioooiooioooiioiooiiiooiiioo 

2 111001101110111010110001111100 

3 101100010011010100000110101101 
1 010110010110000100101100110011 
5 010001011100011100010111110110 

Average Values t 



tttttftttttttttttttttftttttttttttt 




Paraml 


Param2 


Fitness 


0.0669 


0.6532 




.22471 


0.9021 


0.3475 




.00000 


0.6922 


0.5131 




.00183 


0 .3491 


0.5875 


& 


.00000 


0.2726 


0 . 5466 




.00001 


0 .4566 


0.5296 


-0- 


. 04531 



Average Function Value of Generation^ 
Maximum Function Valu e 



0 .04531 
0 .22471 



Numb e r of Crossov e rs « -7^ 

Elitict Reproduction on Individual 
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tftftftftttttftfftfttffttftttttttf Generation ±± 
# Dinary Code 

1 loooooooioioooiooiooioooiiiioo 

2 0101000100000 01100011110111110 

3 ooiioooiooiooooioiooiiioio 1100 
i liiooooioiiooiooooioooioioiioo 
5 oooioooiooioooiioiooiiiooiiioo 



Average Values ; 

Average Function Value of Generation^ 0.05091 
Maximum Function Valu e -■ 0.22171 



ttftfttttttfttfttftttttftttftttttt 




Paraml 


Param2 


FitncsG 


0 .5025 


0 .1425 




.00016 


0.3164 


0.5605 




. 00000 


0.1919 


0 .6537 




.00115 


0 . 8805 


0.0678 




.02852 


0.0669 


0.6532 




.22471 


0 .3916 


0 .4155 


•0- 


.05091 



Number of Croooovoro — 3-2 

Elitiot Reproduction on Individual 



tftfftttttttftttftttttttttttttftft Generation 
# Dinary Cod e 

1 oooioooiooioooiioiooiiiooiiioo 

2 lioioooioiioooiiooooiiioooiioo 

3 loiioooioiiooioooiooioioioiioo 
i ooiioooiooioooiioiooiiiooiiioo 

5 000100010010000101001110001100 
Average Valuec : 



±2 Wtttttftttttttftttttttttttttt 



Paraml 
0.0669 



Param2 
0.6532 



0 .8179 0 .5277 



0 .6930 0 . 1459 
0.1919 0 .6532 
0 . 0669 0 . 6527 0 .22492 



Average Function Value of Generation^ 0.09019 
Maximum Function Valu e " 0-22492 



Fitness 
0 .22471 
0 .00012 
0.00004 
0 .00115 



0 .3673 0 .5266 0 .09019 



Number of CroGGOvorG 



£7- 



ttttftttttttttfttffttftttttftfttft Generation 
# Dinary Cod e 

1 ooiioooiooiooooioiooiiiooiiioo 

2 ooiioooiooiooooioiooiiiooiiioo 

3 oooioooiooioooiioiooiiioooiioo 

4 ooiioooiooioooiioiooiiiooiiioo 

5 000100010010000101001110001100 
Average Valuco: 



H ttttftttttfttftttttfftttttttfttttt 



Paraml 
0.1919 



0.0669 
0.1919 
0.0669 



Param2 
0.6532 



0.6527 
0. 6 532 
0. 6 527 



Average Function Value of Generation^ 0.09066 
Maximum Function Value « 0.22492 



FitnoGG 
0 .00115 



0.1919 0.6532 0 . 00115 



0.00115 
0.22492 



0 . 1419 0 . 6530 0 .09066 



Number of CrocGovorc 



Rcotart micro population at generation ±-3- %%%%%%% 



tttttttttttttttttttttttttftttttttt Generation ±4 tffttttttttttfttftfttftttttttf ftft 

# Einary Code Paraml Param2 Fitn e ss 

1 000100010010000101001110001100 0 .0669 0.6527 0.22492 

2 010001011010000000001101011101 0-2720 0.0263 0.19778 



http://www.ouacroGpaco.com/carro ll /ga/ga.out ( 4 of 6 4 ) [6/26/2001 4 :58:30 PM] 



http://www.cuacroGpaco.com/carroll/ga/ga.out 

3 000001101111110101100000111110 

4 101001101011000111110111100100 

5 ooooiooooioiiooiooiioiiioioiii 



0 . 0273 
0 .6511 
0.0326 



0.6894 
0 . 9836 
0.60 8 1 



0 .01945 
0 . 00012 
0.0163 8 



Average Values i 



0 . 2100 0 . 5920 0 .09173 



Average Function Value of Ccnoration= 0.09173 
Maximum Function Valu e ■ 0.22492 



Numb e r of Crosoovcrc « 
Elitist Reproduction on Individual 



tfftfttftttftttffttftffttttftttttf Generation « 
# Binary Cod e 

1 oooioooiooiooooioiooiiioooiioo 

2 oooooiiiioioiiooooioiooooiiioi 

3 ooooooioiiiiiioioiioioooioiiio 

1 000000010010000001001111001100 



Parami Param2 Fitnooc 

0 . 0669 0 . 6527 0.22492 

0 . 0300 0 . 0790 0.2907 8 

0 . 0117 0 . 7046 0 . 00132 

0 . 0044 0 . 1547 0 . 00000 



5 000101010011110101000110111110 0-0829 0.6386 0.16025 



Average Valuoo: 



0 . 0392 0 . 4459 0 . 13545 



Average Function Value of Generation ^ 0.13545 
Maximum Function Valu e = 0.29078 



Number of Croooovcro — 7-6- 

Elitiot Reproduction on Individual 



ttttftttttttftfttftttfttfttftffttf Generation ±& 
# Binary Cod e 

1 000101110010110001101000011110 

2 oooioioiooiioooioiooiiioooiioo 

3 oooooiiiioioiiooooioiooooiiioi 
1 ooooooiiioiooioooiooiiooooiioi 



Average Values 



Average Function Value of Generation- 
Maximum Function Value 



0 .10020 
0.2907 8 



fttttfttfttttttttftftfttttttttftft 




Parami 


Param2 


Fitness 


0.0905 


0.2040 


-0-r 


02422 


0 . 0828 


0.6527 


Q-r 


18437 


0 . 0300 


0 . 0790 


•Q-r 


29078 


0 . 0142 


0.1488 


-9-r 


00002 


0.0280 


0 .5907 


S-T 


00161 


0 . 0491 


0.3351 




10020 



Number of Crocoov e rs « 7-2 

Elitiot Reproduction on Individual 



fttttttttttttfftfttftttttftttfttft Generation «■ 
# Binary Cod e 

1 000001110010110000101000011100 

2 oooooiiiioioiiooooioiooooiiioi 

3 000001111010110001101000011111 

4 00 01011100101100011010 00011111 

5 000101110010110000101000011100 



Average Valu e s ! 
Average Function Value of G e n e ration ^ 0.23 075 



tttfttftttfttffttfftttttftttfttttt 




Parami 


Param2 


Fitness 


0 . 0280 


0.0790 




.25527 


0.0300 


0 . 0790 




.29078 


0.0300 


0 .2041 




.01239 


0 . 0905 


0.2041 




.02431 


0. 0905 


0. 0790 




.57101 


0.0538 


0 . 1290 




.23075 
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Maximum Function Valu e 



0.57101 



Number of Croooovcro «■ 
Elitiot Reproduction on Individual 



ttttfttttftttttttttttttttftftttftt Gcnoration i-g ttttfttttttftttttttttf ftttfttttfft 



# Binary Cod e 

1 000001111010110000101000011100 

2 000001110010110000101000011100 

3 000101110010110000101000011100 
1 000101110010110000101000011111 
5 000101110010110000101000011110 



Paraml 
0.0300 
0.0280 
0.0905 



Param2 
0. 0790 
0. 0790 
0.0790 



Fitn e ss 
0 .29095 
0.25527 
0.57101 



0.0905 0 . 0791 0.57001 
0 . 0905 0 . 0790 0 .57035 



Average Values : 



0 . 0659 0 . 0790 0 .45152 



Average Function Value of Generation " 0.45152 
Maximum Function Valu e - 0.57101 



Number of Crossovers 



%%%%%%% Rectart micro - population at generation i& 



fttftfttfttttfttftttfttftftttftttt Generation ±3- tfttfttttftttftttttttf ftttttfttfft 

# Binary Code Paraml Param2 Fitneoo 

1 000101110010110000101000011100 0.0905 0. 0790 0 .57101 

2 000010000011101110101111101100 0.0321 0. 8 432 0.02611 

3 111100000011100100101111111111 0 • 9384 0 . 5937 0.00000 

4 101000000010110000001011110000 0 . 6257 0 . 0229 0.02530 

5 100000011010011111001000011011 0.5065 0.8915 0.00085 



Average Values ; 



0 . 4386 0.4861 0 .12465 



Average Function Value of Gonorationr 
Maximum Function Value 



0.12465 
0.57101 



Number of Crossovers ~ -7-3- 

Elitiot Reproduction on Individual 



ttfttftttttttftfftfttttftffttftftf Generation 2& 
# Binary Cod e 

1 000010010011100110101010101100 

2 100100010010110000001001011100 

3 000101110010110000101000011100 
1 100101111010110110001000011000 
5 000011000010101010101101001100 



Average Values ; 



Average Function Value of Generation - 0.12011 
Maximum Function Valu e - 0.57101 



tttffttttftttffttttttttfttttttttfr 




Paraml 


Param2 


Fitness 


0.0360 


0.8334 




.02844 


0.5671 


0.0184 




.00000 


0.0905 


0.0790 


S- 


.57101 


0.5925 


0.7664 


£- 


.00000 


0 . 0475 


0.3383 


£- 


.00109 


0.2667 


0 .4071 




.12011 



Number of Crossov e rs = -22- 

Elitist Reproduction on Individual 
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##tttfttfttftftttttfttttttttttft Generation 3i 
# Binary Code 

1 ooooiooiooioioooioioioooooiioo 

2 ooooiiiiooioiooiioioioooioiioo 

3 oooioiiiooioiiooooioiooooiiioo 
i oooooiiiooioiiooooioioioooiioo 

5 000111100010101010101100001100 



Average Valuoc ; 

Averag e Function Value of Generation^ 0.17329 
Maximum Function Valu e ° 0.57101 



#ttttttftfttftttttftftttftfttttft 




Paraml 


Param2 


Fitnooo 


0 . 0358 


0.3285 




, 00512 


0.0592 


0 .8295 




. 05316 


0 . 0905 


0.0790 




.57101 


0.0280 


0 . 0824 




.23691 


0 . 1178 


0 .3363 




.00024 


0.0663 


0 .3311 


3- 


.17329 



Number of Crossovers — 12 

Elitiot Reproduction on Individual 



t f tttttfttfttttttfftftttttfttftfff Generation 22 
# Dinary Code 

1 ooooiiiiooioiooiooioiooooiiioo 

2 oooioiiiooioiiooooioioiooiiioo 

3 ooooiiiiooioioooioioioioooiioo 

4 oooioiiiooioiiooooioiooooiiioo 

5 oooooiiiooioioooooioioooiiiioo 

Average Valuco : 



ttttfttftttftttttttttffttttttttttt 
Paraml Param2 Fitn e ss 
0 . 0592 0 . 5790 0 .00051 
0 .0905 0 . 0829 
0 . 0592 0 .3324 



0 .0905 0 . 0790 



Average Function Value of Generation^ 0.26991 
Maximum Function Valu e - 0.57101 



Number of Crossovers *» 2± 

Elitiot Reproduction on Individual 



0 .52352 
0 .00522 
0 .57101 



0 . 0280 0 . 0800 0 .24931 



0.0655 0 .2306 0 .26991 



##tftttttftttttftttttttftftttttt Generation 22 
# Dinary Cod e 

1 oooioiiiooioioooooioioooiiiioo 

2 oooioiiiooioiiooooioioiooiiioo 

3 oooiiiiiooioiiooooioioiooiiioo 

4 oooooiiiooioiiooooioiooooiiioo 
d oooioiiiooioiiooooioiooooiiioo 



Average Valuoc i 

Average Function Value of Generation ^ 0.39301 
Maximum Function Valu e " 0-57101 



ttfttttttftftttftttttttttttftftttf 




Paraml 


Param2 


Fitness 


0 .0905 


0 . 0800 




,5613 7 


0.0905 


0.0829 


3- 


.52352 


0 . 1218 


0 . 0829 


3- 


.05388 


0 . 0280 


0.0790 


S- 


.25527 


0 .0905 


0 . 0790 


£- 


.57101 


0 .0843 


0 .0807 




.39301 



Number of Crocoovers 



&2 



%%%%%%% Rcotart micro - population at generation 22 



tftttttftfftfttftftfftttftttttttft Generation 2A tttttttttttftttttf tftftttttttftttt ^ 

# Binary Cod e Paraml Param2 Fitn e ss 

1 00010111001011000010100001 1100 0.0905 0.0790 0.57101 
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2 


1100 01010 01000 0110 010100101000 

oooioiiooooooooiiioooooioiiioi 




. 7700 
.0859 


S- 
S- 


,7903 
. 8779 


«- 


.00000 
.02459 


1- 


010111111101010111111001001111 




.3743 




.9868 




.00000 


Ar- 
5- 


011000100110001000001110000111 




.3843 




.0276 




. 00043 



Average Valucc ! 



0.3410 0.5523 0 .11921 



Averag e Function Value of Generation^ 0.11921 
Maximum Function Valu e = 0.57101 



Number of Crocoov e rs *■ 7^ 

Elitict Reproduction on Individual 



tttfttttftftttttftftttttttftfttttf Generation 2& 
# Binary Code 

1 oioioiioooooooiooiooioiiooiiii 

2 ooiiooioooiooiooooioiiioooiioo 

3 oooioiiiooioiiooooioiooooiiioo 

1 011101100000001010001001010101 
5 000101110010110011101001011100 

Average Values ; 



Average Function Value of Generation^ 0.26504 
Maximum Function Valu e = 0.57101 



tftttttttftffttftftttfttftfttttttt 




Paraml 


Param2 


Fitncoo 


0.3360 


0.1469 




.00000 


0 . 1959 


0. 0902 




.00705 


0 . 0905 


0. 0790 




.57101 


0 . 4610 


0.2682 




.41717 


0.0905 


0 . 4559 




.32995 


0 .2348 


0 .2081 


Q- 


.26504 



Number of Croooovcro — £3- 

Elitiot Reproduction on Individual 



# Binary Code 

1 000101110010001010001000011100 

2 oooioiiiooioiiooooioiooooiiioo 

3 011101110010001000101000010100 

4 000101110010110000101010001100 

5 011101100010100011001001011101 

Average Valucc: 

Average Function Value of Generation^ 0.415 68 



tftttttttttttffttttttftffttttftttf 




Paraml 


Param2 


Fitneos 


0 . 0904 


0 .2665 




.53676 


0 . 0905 


0 . 0790 




.57101 


0 .4654 


0.0787 




.43583 


0 . 0905 


0.0824 




.52995 


0 .4616 


0 .3935 




. 00485 


0.2397 


0 . 1800 




.41568 



Maximum Function Value 



0.57101 



Number of Croccov e ro 



^-9 



ftfttftftttftttttftttttfttfttttttf Generation 23- tttfttfttftfttttfttfftttftfttttttt 



# Binary Cod e 

1 000101110010101010101000011100 

2 000101110010011000101010001100 

3 oooioiiiooioiiooooioiooooiiioo 

4 000101110010010000101000011100 

5 oooioiiiooioiiooooioiooooiiioo 



Paraml 
0.0905 
0.0904 
0.0905 
0.0904 
0.0905 



Param2 
0.3290 



Fitnooc 
0 .00659 



0.0824 0 .53182 
0 . 0790 
0 . 0790 
0.0790 



0.57101 
0 .57370 
0 .57101 



Averag e Valu e o: 0 . 0905 0 . 1297 0 . 45083 

Average Function Value of Generation ^ 0.45083 
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Maximum Function Valu e 



0 .57370 



Number of Crossovers 



Or 



%%%%%%% Roctart micro - population at gen e ration 23- %%%%%%% 



fttfftfttftftttttttftttttttftfttft Generation 2£ 
# Binary Cod e 

1 000101110010010000101000011100 

2 110101000010001011011100100001 

3 111111110100101000111101001110 
1 110011000101000101010101111011 
5 010011000110110101100011101110 

Average Values : 



Paraml Param2 Fitness 
0 . 0790 



0 . 0904 
0.8287 
0. 9973 



0 . 4307 
0.1196 
0.7981 0.6678 
0.29 8 5 0.6948 



0.57370 
0.01616 
0.00023 
0.00150 
0.01379 



0.6026 0.39 8 4 0.12107 



Average Function Value of Generation^ 0.12107 
Maximum Function Valu e ■ 0.57370 



Number of Crossovers «■ £-5- 

Elitist Reproduction on Individual 



ttttfttftttftffttftffttttttftffttf Generation ^ 
# Binary Code 

1 110101000101000100101001111011 

2 110101110010011000011000111100 

3 010101110110110000101000101110 

4 oooioiiiooiooiooooioiooooiiioo 

5 110111000010101101101011101101 
Average Values ; 



Average Function Value of Generation ^ 0.12556 
Maximum Function Valu e ° 0.57370 



Number of Crossovers 32 
Elitist Reproduction on Individual 



tttttfttfttttttftttttttttttffrtftt 




Paraml 


Param2 


Fitness 


0.8294 


0.5819 


S- 


.00006 


0 . 8404 


0.0487 


Q- 


.05285 


0 .3415 


0 . 0795 


Q- 


.00053 


0 . 0904 


0.0790 




.57370 


0.8600 


0.7104 


-0- 


.00065 


0 . 5924 


0.2999 


-0- 


.12556 



fttftffttttftfftfttftttftftftttttt Generation 3^ 
# Binary Cod e 

1 000101100010010001101001111100 

2 oooioiiiooiooiooooioiooooiiioo 

3 100101110010010000001000111100 
1 110101110010001000111001111101 
5 100101110010011000101000011100 



ftttttttftfttttftttftttfftfttftttf 

Paraml Param2 Fitn e ss 

0.0865 0.2069 0.03992 

0 . 0904 0 . 0790 0 .57370 

0 . 5904 0 . 0175 0.00064 

0 . 8404 0.1132 0 .01082 

0 . 5904 0 . 0790 0 .00479 



Average Values i 



0 . 4396 0 . 0991 0 .12597 



Averag e Function Value of Concration » 0.12597 
Maximum Function Value ° 0.57370 



Numb e r of Crossov e rs — 
Elitist R e production on Individual 
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tttttttttttttttttttfttfttffttftttt Generation 
# Dinary Cod e 

1 oooioiiiooiooioooiioiooiomo° 

2 10010111001000100110100111110° 

3 oioioiiiooiooiooooiiioooiii 101 

4 looioiioooiooiooooioiooioiiioo 
d oooioiiiooiooiooooioiooooiiioo 



Average Valuec ! 

Average Function Valu e of Generation^ 0.12149 



Maximum Function Valu e 



0.57370 



##ftttfttftttfttfttttttttttftttt 




Paraml 


Param2 


Fitnooo 


0 .0904 


0.2059 




.03095 


0 .5904 


0 .2069 


S- 


.00029 


0 .3404 


0.1112 


3- 


.00015 


0 .5865 


0 .0809 




.00235 


0 .0904 


0.0790 




.57370 


0 .3396 


0.1368 




.12149 



Number of CroGCQvorc 



)[ ll ttttttftttttfttttftttfttttttft Generation H 

# Dinary Cod e 

1 oooioiiiooiooiooooioiooooiiioo 

2 oooioiioooiooiooooioiooooiiioo 
■ 3 oooioiiiooiooiooooioiooioiiioo 

4 looioiioooiooiooooioiooooiiioo 

5 oooioiiiooiooioooiioiooioiiioo 



Average Values! 

Average Function Value of Generation^ 0.36312 
Maximum Function Valu e - 0 . £5715 



tttttttttttttttfttttftfttttttttftt 




Paraml 


Param2 


Fitnooo 


0 . 0904 


0 .0790 




.57370 


0 . 0865 


0.0790 




.65745 


0 . 0904 


0 .0809 




.55103 


0.5865 


0 .0790 




.00245 


0.0904 


0.2059 




.03095 


0.1888 


0 .1048 




.36312 



Number of Croocovers 



Wtttttttttttttftttftttttttttt Generation ^ 
# Dinary Cod e 

1 oooioiiiooiooioooiioiooooiiioo 
■ 2 oooioiioooiooiooooioiooooiiioo 

3 oooioiiiooiooioooiioiooooiiioo 

4 oooioiiiooiooiooooioiooooiiioo 
■ 5 oooioiiiooiooiooooioiooooiiioo 



Average Valuec t 

Average Function Value of Generation^ 0.37062 
Maximum Function Valu e " 0.65745 



ttfttttfttttttttttttttttftfttttttt 




Paraml 


Param2 


Fitncoc 


0 . 0904 


0 .2040 




, 02414 


0.0865 


0 . 0790 




.65745 


0 . 0904 


0 .2040 




. 02414 


0 . 0904 


0 . 0790 




,57370 


0.0904 


0 . 0790 




. 57370 


0.0896 


0 . 1290 




.37062 



Number of Croocov e rs *» &± 

Elitict Reproduction on Individual & 



;%%%%% Rcctart micro population at generation H °c 0 c o c 0 c o c 0 c°t: 



fttttfttttttttttttfttttttttttffttt Generation ^4- fttttfftfttttttttttttttftttttttf ft 

# D inary Cod e Paraml Param2 Fitnecc 

1 0001011000100100001010000111 00 0.0865 0.0790 0.65745 

2 001110111001101110111010100110 0-2328 0.8645 0-02375 
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3 liiooooooioiioioioioiiiooooiio 

4 ooioooooiioooioiiiiooiooiQOio 1 

5 ooiooiiioioiooioiooioiiooiioio 



0 .8764 
0.1280 
0 .1536 



0.3400 
0 .9465 
0 .2938 



Average Valuoc : 



Average Function Value of Generation^ 0.13625 
Maximum Function Valu e ■= 0.65745 



Number of Crocoovorc - 6-9- 

Elitict Reproduction on Individual 



0 .00003 
0 .00000 
0 . 00001 



0 .2955 0 .5047 0 .13625 



ttttfttttffttftttttftftttttffttttf Generation ^5 
# Binary Cod e 

1 oooioiioooiooiooooioiooooiiioo 

2 ooiioiiiooioooiooooiiiiooiiiio 

3 ooiioiiiiioiooioiooiooioiooiio 

4 ooiooiiooiiioiioioiioiiooiiioo 

5 ooiooiiooooiooooooiiiiiooiioio 



Average Valu e s ! 

Average Function Value of Generation^ 0.17387 
Maximum Function Valu e 63 0 - 65745 



ttttttfttttttffttttfttttfttttttttf 




Paraml 


Param2 


Fitnooo 


0.0865 


0.0790 


3- 


.65745 


0 .2154 


0.0595 




.12518 


0.2181 


0.2863 




.08669 


0 . 1502 


0.3563 




.00000 


0.1487 


0.1219 


■0- 


.00002 


0.1638 


0 . 1806 


Q- 


.17387 



Number of CroocovGrs ~ ^ 

Elitict Reproduction on Individual 



ttttttfttftttftftttftttttttttttftf Generation 24 
# Binary Cod e 

1 ooiioiiioooiooiooooiiiiooiioio 

2 oooioiiiiioiooooooiiioiooooiio 

3 oooioiiiooioooioooooiiiooiiioo 

4 ooiioiiiooioooioooooiiiooiiiio 
c oooioiioooiooiooooioiooooiiioo 

Average Valucc ! 



tttffttttttttftttftfttttttttttttft 
Paraml Param2 Fitnecc 
0.0594 
0.1135 
0 . 0282 



0 . 2151 
0.0930 
0 . 0904 
0 .2154 
0.0865 



0.0283 
0. 0790 



Average Function Value of Generation'" 
Maximum Function Value 



0 .21 8 79 
0 . 6 5745 



0.12226 
0 . 08931 
0 . 18690 
0.03801 
0.65745 



0 . 1401 0 . 0617 0.21879 



Number of Croccovorc « 
Elitict Reproduction on Individual 



Mtttttttftftttttttfttttfttfttft Gen e ration ^ 
# . Binary Cod e 

1 000101101111010000111010010110 

2 oooioiiooooiooooooioiooooiiiio 

3 oooioiioooiooiooooioiooooiiioo 

4 oooioiiiooiooiooooioiooooiiioo 

5 oooioiioiiiioiooooiiioiooioiio 

Averag e Valu e s: 



###ttttttttftttttttfttftttftttt 




Paraml 


Param2 


Fitnecc 


0 . 0897 


0 . 1140 


•0- 


.09775 


0 .0862 


0. 0790 


S- 


.66297 


0.0865 


0.0790 




.65745 


0.0904 


0 . 0790 


Q- 


.57370 


0.0897 


0 . 1140 




.09775 


0.0885 


0.0930 




.41793 



Average Function Value of Generation *- 0.41793 
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Maximum Function Valu e 



0.66297 



Number of Crossovers 



tttttttttttttftttttttttttt tt fttt tt Generation 1% 
# Binary Cod e 

1 000101100001000000101000011110 

2 0QQ1Q110011101000011101Q01Q110 

3 000101100011010000101000011110 
1 000101100010010000101000011110 

5 oooioiioooioooooooioiooooiiiQQ 



tttttfttfttttttttfttttttftttttfttt 

Paraml Param2 Fitnecs 
0 . 0862 0.0790 
0.1140 



0 . 0877 
0. 0867 
0 . 0865 
0 . 0864 



0.0790 
0.0790 
0.0790 



0.66297 
0.10473 
0 . 65162 
0 .65668 
0.65871 



Av e rage Values : 



0 . 0867 0 . 0860 0.54695 



Average Function Value of Generation " 0.54695 
Maximum Function Value ■ 0.66297 



Number of Crossovers 



ttttttttfttftttfttttttfttttftffttf Generation 3* 
# Binary Code 

1 000101100011000000101000011100 

2 oooioiiooooooiooooioiooooiiiio 

3 oooioiiooooiooooooioiooooiiiio 

4 oooioiiooooioiooooioiooooiiiio 

5 oooioiioooioooooooioiooooiiiio 



Average Valued 

Average Function Value of Generation" 0.66060 
Maximum Function Valu e ° 0.66672 



tttttttftttttttttfttttttfttttttttt 




Paraml 


Param2 


Fitnecc 


0.0867 


0 . 0790 




. 65365 


0. 0860 


0 . 0790 




. 66672 


0. 0862 


0.0790 


& 


.66297 


0. 0862 


0.0790 




.66172 


0 . 0864 


0.0790 




.65795 


0.0863 


0 . 0790 




.66060 



Number of Croooovers 



ftfttttffttttttffttttttffttfttttft Generation 4& tttttftf ftttttttttttfttfftftfttttt 



# Binary Code 

1 oooioiiooooiooooooioiooooiiiio 

2 oooioiiooooiooooooioiooooiiiio 

3 oooioiiooooioiooooioiooooiiiio 

4 000101100000000000101000011110 

5 oooioiiooooooiooooioiooooiiiio 

Average Values ; 



Paraml 
0 . 0 86 2 
0 . 0 86 2 
0.0862 
0.0859 



Param2 
0 . 0790 
0 . 0790 
0 . 0790 
0 . 0790 



Average Function Value of Generation^ 0.66447 
Maximum Function Valu e « 0.66797 



Fitness 
0 .66297 
0 .66297 
0 .66172 
0 .66797 



0 . 0860 0 . 0790 0 .66672 



0 . 0861 0 .0790 0 .66447 



Number of Crossovers 



%%%%%%% Restart micro - population at generation 43- %%%%%%% 



tttttttttttttttttttttttftttttttttt Generation 4i tttttttttttttttfftttttttttfttttttt 
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# Binary Cod e 

1 oooioiioooooooooooioiooooiiiio 

2 loooioioiiiioiiiiioooiioioiioo 

3 oooiioioiiioiioioooioooioooooi 

4 liioiiiioioiiioiiiiioooooioiio 

5 oiiiioooiiooooiioiioioioiioiii 



Average Valuoc i 

Average Function Value of Generation^ 0.13478 
Maximum Function Valu e ° 0.66797 



Paraml 


Param2 


Fitnece 


■0- 


.0859 


-©- 


. 0790 




,6679 / 


Q- 


. 5428 




.8881 


-0-: 


. 00000 




. 1052 




.5332 




.00030 


& 


.9350 




.9695 




.00000 




.4717 




.7087 




.00561 




.4281 




.6357 




.13478 



Numb e r of Crocoov e rs = £-9 

Elitict Reproduction on Individual 



tfWtttttttfftttttttfttftttttt Generation 43- 
# Binary Cod e 

1 100101100111001011100110001110 

2 oooiioioioooooooooioiooooiiiii 

3 loioioooiiooooiiiiioioioiiiiio 

4 oooioiioooooooooooioiooooiiiio 

5 loooioiooiiooiiooiooooooiiiioo 



Average Values : 

Average Function Value of Generation ^ 0.19268 
Maximum Function Valu e ° 0.66797 



tttttttfttttftftfttttttttttftttttt 




Paraml 


Param2 


FitncGO 


0.5877 


0 . 4497 


3- 


.00169 


0.1035 


0.0791 


£- 


.29375 


0.6592 


0.9590 




.00000 


0.0859 


0 . 0790 


£- 


.66797 


0.5406 


0.1268 




.00000 


0.3954 


0 .3387 




,19268 



Number of Crocoovers - W 

Elitiot Reproduction on Individual 



Wtftttfttttfttfftttttfttttttt Generation 43- 
# Binary Cod e 

1 oooioiioooiooooooiioioioooiiio 

2 oooioiiooiiiooioioiooioooiiiio 

3 oooioiioooooooooooioiooooiiiio 

1 000101100100000011100000001110 
5 100100100011001010101010011110 



Average Valuoc : 

Average Function Value of Generation ^ 0.20342 
Maximum Function Valu e - 0.66797 



ttttftfttftftttttttftttttffttftttt 




Paraml 


Param2 


FitncoG 


0 . 0864 


0.2075 




.04268 


0.0877 


0.3212 


3- 


.02359 


0.0859 


0.0790 


-0- 


.66797 


0.0869 


0.4379 




.28284 


0 .5711 


0.3330 




.00000 


0 .1836 


0 .2757 


-0- 


.20342 



Number of Crocoov e rs - 
Elitict Reproduction on Individual 



tftfftttttftfttfttttttfttttftttttt Generation AA 
# Binary Cod e 

1 oooioiioooooooooooioiooooiiiio 

2 oooioiiooiiooooooiioioooooiiio 

3 oooioiiooiioooooioiooooooiiiio 

4 oooioiiooiooooooiiioioioooiiio 

5 oooioiioooooooooiiioioooooiiio 



tfttttftfttfttttftfttftttttffttftt 

Paraml Param2 Fitn e oo 
0 . 0790 
0.2036 
0.3134 
0 .4575 



0.0 8 59 
0 . 0 8 74 
0 . 0874 
0 . 0869 



0 . 0859 0 .4536 



0 .66797 
0 .0253 8 
0 .05935 
0 .37484 
0 .38353 
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Av e rage Valu e s : 



0.0867 0.3014 0.30221 



Av e rage Function Value of Generation - 0.30221 
Maximum Function Value a 0.66797 



Numb e r of Crossov e rs 



&2 



ftfttttfttttttfttfttftfttttfffttft Generation 4-& #fttttttttftfttftfttf tftfftfttttf 



# Binary Cod e Paraml 

1 000101100000000000101000011110 0 . 0859 

2 000101100000000001101010001110 0 . 0859 

3 000101100000000000101000001110 0 . 0859 

4 000101100000000011101010001110 0 . 0859 

5 000101100000000011101000001110 0 . 0859 



Param2 Fitness 

0.0790 0 .66797 

0.2075 0 .04333 

0 . 0786 0 .67412 

0.4575 0 .38651 

0.4536 0.38353 



Average Valueo : 



0 . 0859 0 .2552 0.43109 



Average Function Value of Generation^ 0.43109 
Maximum Function Valu e ° 0.67412 



Number of Crossov e rs 



%%%%%%% Restart micro - population at g e n e ration 



4r& 



###fttfffftftfttfftftfttttfffft Generation 4& tttttf ftfttftfttttfttftftftf fttttt 

# Binary Code Paraml Param2 Fitness 

1 000101100000000000101000001110 0 . 0859 0 . 0786 0 . 67412 

2 001000011100010101000111111011 0 . 1319 0 .6405 0 . 00328 

3 111000011110010100000110100001 0 . 8824 0 .5127 0 . 00082 

4 100111000111010111101100011000 0 . 6112 0 . 9617 0 . 00000 

5 001001001110001101101011101000 0 .1441 0 .7102 0 . 00001 



Average Valueo : 



0.3711 0 .5807 0 . 13565 



Average Function Value of Generation - 0.13565 
Maximum Function Value - 0.67412 



Number of Crossovers — -&i 

Elitist Reproduction on Individual 



tftttttftftftttttfttftttttfttftftf Gen e ration 4-7 ft tttttffttftttftf ftfttftttftttfft 

# Binary Code Paraml Param2 Fitness 

1 000101100000000000101000001110 0 . 0859 0 . 0786 0.67412 

2 000100010000000101000001001010 0 . 0664 0 .6273 0 . 13848 

3 110101111110000000000000001000 0 . 8433 0 .0002 0 . 00087 

4 001101001100000001000101111011 0.2061 0 . 1366 0 . 00034 

5 111000011100010100000110101011 0 . 8819 0.5130 0 .00082 



Average Values ; 



0 .4167 0 .2711 0 . 16292 



Av e rage Function Valu e of Gen e ration ^ 
Maximum Function Valu e 



0.16292 
0 .67412 
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Number of Croccov e rs • 

Elitict Reproduction on Individual i 



Mtttttttttttttt##tfttttfttttt Generation tttttttttttftftffttftttftttf fttttt 

# Binary Code Paraml Param2 Fitncoo 

1 000101100000000000101000001110 0 . 0859 0.0786 0 .67412 

2 000100010000000101000000101011 0 ■ 0664 0 . 6263 0 .13309 

3 000100000000000000001000001010 0.0625 0. 0159 0 .10110 

4 010101111000000000000001001010 0-3418 0 . 0023 0 . 00001 

5 000101110000000101101000001010 0.0898 0 .7035 0.01507 



Average Values; 0-1293 0.2853 0.18468 

Av e rag e Function Value of G e neration " 0.18468 
Maximum Function Value ° 0.67412 



Numb e r of Croooovers — 7-9- 

Elitist Reproduction on Individual 4- 



# # ###tffftfft###fftffttttt Generation 4$ # # # #####ft#tttttffttttf# 

# Binary Code Paraml Param2 Fitn e ss 





000100110000000101100000101010 
00010 0000000000100001000001010 




. 0742 
. 0625 




.6888 
. 5159 


S- 
3- 


. 07124 
.02154 


2 


000100100 00000 0000001000001110 




. 0703 




. 0161 


-Q- 


. 10290 




000101100000000000101000001110 




. 0859 




. 0786 


Q- 


.67412 


4- 
&- 


000101010000000101101000101110 




.0820 


Q- 


. 7046 


Q- 


. 01712 



Average Valu e s ; 0.0750 0.400 8 0.1773 8 

Average Function Value of Generation^ 0.17738 
Maximum Function Valu e g 0.67412 

Number of Crossovers » -6-8 

Elitict Reproduction on Individual ^ 



##tftftttffttttttftttttttttftttt Generation ttttttfttttttf ftttttftfttttttttftf 

# Binary Code Paraml Param2 Fitncoo 

1 000101110000000000100000101010 0.0 8 9 8 0 . 0 6 3 8 0 .6524 6 

2 000100100000000000100000101010 0 . 0703 0 . 063 8 0 .9 8 354 

3 00010110 0000000000101000001110 0 • 0859 0 . 0786 0 .67412 

4 000100110000000000100000101110 0 . 0742 0. 0639 0.95216 

5 000101100000000000001000001110 0 . 0859 0.0161 0.07793 



Averag e Valu e s ; 0.0813 0.0572 0.66804 

Average Function Value of Generation" 0.66804 
Maximum Function Valu e ° 0.98354 



Number of Crossovers — 6-6 

Elitict Reproduction on Individual i 

tttftttftttftftfttttttfttttrtftttf Generation 5i ftftfttfftfttftttfftttttttttttttft 

# Binary Code Paraml Param2 Fitn e ss 

1 000100100000000000100000101010 0 . 0703 0 . 0638 0 . 98354 



http://www.cuooroGpaco.com/carro ll /ga/ga.out (15 of 6 1 ) [6/26/2001 4 :58:31 PM] 



http://www.cuaGroGpacG.com/corro ll /ga/ga.out 

2 oooioiioooooooooooioooooiQiiio 

3 oooioiiiooooooooooioooooioioio 

4 000101100000000000100000101010 

5 oooioiioooooooooooioooooooioio 



0 . 0859 
0.0898 



0 . 0639 
0.0638 



0 .74534 
0.65246 



Average ValuoG ; 



0.0 8 59 0 . 063 8 0 .74492 
0 . 0 8 59 0 . 062 8 0 .74094 

0.0 8 36 0.0636 0 .77344 



Av e rage Function Value of Generation^ 0.77344 
Maximum Function Valu e ° 0.98354 



Numb e r of Croooov e rs = 3-0- 

Elitict Reproduction on Individual i 



%%%%%%% Rootart micro - population at generation £4- %%%%%%% 



Mftttttfttttttfttttttttttttttft Generation %Z 
# Binary Code 

1 oooiooioooooooooooioooooioioio 

2 110010110001000010111011100000 

3 101110000000011011110100011001 

4 100010101011011011000100001101 

5 oiiooiooiiooiiiooiioiooioiioio 



Average Values : 



Average Function Value of Ccnoration° 0.19704 
Maximum Function Valu e ° 0.9 8 354 



Number of Crocoovero — 
Elitict Reproduction on Individual 



#ttttttftfttttfttttfttfttttttfttt 




Paraml 


Param2 


Fitneee 


0 . 0703 


0.0638 




.98354 


0 . 7932 


0 . 3662 




. 00000 


0.7189 


0.4773 




.00118 


0.5419 


0.3832 




.00000 


0 .3938 


0 .2059 




.00048 


0.5036 


0.2993 




.19704 



fttftttttftftttfttttftttttfttffttf Generation 
# Binary Cod e 

1 001110100000010011110100001011 

2 oooiooioooooooooooioooooioioio 

3 oiioooioooooiiooooioooooooioio 
1 ooiioooooooooooooiiooiooiiiooo 



0 .3830 
0 .1 8 75 

5 000000101000011010000000001000 0 . 0099 



Paraml Param2 Fitneco 
0 .2266 0 .4769 
0 . 0703 0 . 0638 
0 . 0628 



0.1970 
0.2503 



0 .11450 
0 . 98354 
0 .00110 
0 . 00002 
0.03934 



Average Valuoc i 



0 .1755 0 .2102 0 .22770 



Average Function Value of Generation ^ 0.22770 
Maximum Function Valu e ° 0.98354 



Number of Crocoov e rs «» £-3- 

Elitict Reproduction on Individual 



ftttftttfttftttttfftfttftttttftftf Generation $4- 
# Binary Cod e 

1 001010101000010011110100001000 

. 2 oooiooioooooooooooioooooioioio 

3 001110100000000001100000101010 

4 ooooooiooooooiooooooooooioiooo 

5 000110100000000010110100101011 



tfttttttttftttttttttttttftfttftttt 

Paraml Param2 Fitnooc 
0 .1661 0 .476 8 
0 .0703 



0.00000 
0 . 0638 0 . 98354 
0 .2266 0 . 1888 0 . 00078 



0 .0079 
0 .1016 



0.0012 
0.3529 



0.00059 
0.00000 



http://www.cuoorospaco.com/corro ll /ga/ga.out (16 of 6 4 ) [6/26/2001 4 :58:31 PM] 



http://www.cuaoroGpacc.com/carro l l/gQ/ga.out 



Average Values : 



0 . 1145 0.2167 0 .19698 



Average Function Value of Generation - 0.1969 8 
Maximum Function Value - 0.9 8 354 



Number of Crocoov e r e - : ^8- 

Elitict Reproduction on Individual 



tftttfttfttttttttfttftttftftfttttt Generation 5* 
# Binary Cod e 

1 oooiioioooooooooiiiiooooioioio 

2 oooiioioooooooooioiooiooioioio 

3 oooiooioooooooooooioooooioioio 

4 ooioooiooooooiooooooooooioioio 

5 oooiooioooooooooooiioiooioioii 

Average Values : 



Average Function Value of Generation^ 0.3 0077 
Maximum Function Valu e ■ 0.98354 



Number of Croccovers ~ £-0 

Elitiot Reproduction on Individual 



tftftfftftfttttttttftttftffttttftt 




Paraml 


Param2 


Fitnecc 


0 .1016 


0 . 4700 




,16761 


0 . 1016 


0.3216 




.01180 


0 . 0703 


0 . 0638 




. 98354 


0.1329 


0 . 0013 




.00020 


0 . 0703 


0 . 1029 




.34068 


0.0953 


0.1919 


£- 


.30077 



ttftfttftfttfttttftttfttftttttfttt Generation && 
# Binary Code 

1 oooiioioooooooooiiioooooioioio 

2 oooiioioooooooooooioooooioioio 

3 oooiioiooooooooooiiiooooioioio 

4 oooiooioooooooooooioooooioioio 

5 oooiioiooooooooooiioooooioioio 



Average Valuoo ! 

Average Function Value of Generation - 0.31505 
Maximum Function Value ■ 0.98354 



###ttfttttttftttfftfttttftftttt 




Paraml 


Param2 


Fitnecc 


0 . 1016 


0 . 4388 




.14865 


0 . 1016 


0 . 0638 




.37014 


0 . 1016 


0.2200 




.07195 


0.0703 


0.0638 


S- 


.98354 


0.1016 


0.1888 


0- 


.00095 


0.0953 


0.1950 


-0- 


.31505 



Number of Crocoovere 



ttftftfttttttttftftttftttttttfftft Generation %Q- 
# Binary Cod e 

1 oooiioioooooooooooioooooioioio 

2 oooiioioooooooooiiioooooioioio 

3 oooiooiooooooooooiioooooioioio 

4 oooiioioooooooooooioooooioioio 

5 oooiooioooooooooooioooooioioio 

Average Valuco ; 



Average Function Value of Generation" 
Maximum Function Valu e 



0.37500 
0 . 98354 



ttfttftttttttttffttftfftfttffttttt 




Paraml 


Param2 


Fitnecc 


0 .1016 


0.0638 


Q-. 


.37014 


0.1016 


0.4388 




.14865 


0.0703 


0.1888 


Q- 


.00254 


0.1016 


0.0638 




.37014 


0 .0703 


0.0638 


3- 


.98354 


0.0891 


0.1638 


-9- 


.37500 



Number of Croccov e rs 
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%%%%%%% Rootart micro - population at generation 



tttfttfttfftttttttttttttttttttfttf Generation $Z 
# Binary Cod e 

1 000100100000000000100000101010 

2 111111111000101011110110110010 

3 111110000101100111110101101110 
1 011000000110101010111101101110 



Av e rage Valuec : 

Average Function Value of Generation^ 0.20409 
Maximum Function Value * 0.98354 



ttftfttttftttttttftttfftftfftftfft 




Paraml 


Param2 


Fitnecc 


0.0703 


0.0638 




.98354 


0.9982 


0.4820 




.00091 


0 .9701 


0.9799 




.00000 


0 .3766 


0.3706 




.00000 


0.0617 


0 . 8186 




.03601 


0.4954 


0.5430 




.20409 



Number of Croeoov e rs ~ £2 

Elitiot Reproduction on Individual 



tttftttfttfttfttttttfttttftftffttf Generation ^ 
# Binary Cod e 

1 oooiooioooooooooooioooooioioio 

2 ooooiiioiiooioioooiooooiioiooo 

3 ooooioiooiooiooiooioooiiioioio 

4 oooiioiooioiiooioiiioioiioiiio 

5 111110100000100010100100100010 



Paraml Param2 Fitnecc 
0.0638 



0 .0703 
0.0578 
0 .0402 
0 .1029 
0 . 9767 



0.0657 
0.5697 
0 .7299 
0.3214 



0 . 98354 
0 .93723 
0 .00001 
0.00012 
0.00001 



Average Valued 



0 .2496 0.3501 0 .38418 



Average Function Value of Cenoration= 0.38418 
Maximum Function Valu e - 0.98354 



Number of Croeoov e rs * ^ 

Elitict Reproduction on Individual 



fttttttttttftttftttttttttttftftftt Generation 
# Binary Code 

1 ooooioiooiooiooiooioooiiioioio 

2 000110100100100100100010101010 

3 oooiooioooooiooooiioooooioioio 
i oooiooioooooooooooioooooioioio 
5 ooooioioiiooioooooioooiiioiooo 



Average Valuoc ; 

Average Function Value of Generation ^ 0.31952 
Maximum Function Valu e 



ttttttfttttttttttttttttftttttftttt 




Paraml 


Param2 


Fitnecc 


0 . 0402 


0.5697 


3- 


.00001 


0.1027 


0.5677 


3- 


.00000 


0.0704 


0.1888 


3- 


.00253 


0 .0703 


0.0638 


S- 


.98354 


0 . 0421 


0.0696 


Q- 


.61152 


0.0651 


0.2919 


3- 


.31952 



Number of Croocoverp — -7-2 

Elitiot Reproduction on Individual 2 



#fttttftttftttftttttttttttttttttf Gcnoration €± ##tf ftfttftttfttfttttttttf tftttt 

# Binary Code Paraml Param2 Fitnecc 
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1 oooiooioiiooiooooiioooioiQioio 

2 0001001000Q00000001QOQ001Q1Q10 

3 ooooioioiiooioooooioooiiioioio 

4 oooiooiooiooooooooioooioioioio 

5 oooiooiooooooooooiioooooioioio 



Average Values: 

Average Function Value of G e neration^ 0.5174 8 



Maximum Function Valu e 



0.98414 



St- 


0734 




. 1927 




.00580 


S-r 


0703 




, 0638 




,98354 


'Q — r 


0421 




, 0696 




.61136 


O-r 


0713 




. 0677 




.98414 




0703 




.1888 


-0- 


.00254 


•0^ 


0655 


€- 


.1165 




.51748 



Number of Crocoovers 



tftfttfttttttftttttftttftttftftftt Generation £2- 
# Binary Cod e 

1 oooiooiooiooiooooiioooioioioio 

2 oooiooiooiooooooooioooooioioio 

3 oooiooioooooooooooioooioioioio 
i oooiooiooiooooooooioooioioioio 
5 ooooooioiiooioooooioooioioioio 

Average Valuec ; 



Average Function Value of Generation ^ 0.60321 
Maximum Function Valu e = 0.99008 



##tttftfttttttttftttfttfttttttft 




Paraml 


Param2 


Fitneoo 


0 . 0714 


0 . 1927 




. 00590 


0 . 0713 


0.0638 




. 97764 


0 . 0703 


0.0677 




,990 08 


0 . 0713 


0.0677 




. 98414 


0 . 0109 


0 .0677 


£- 


.05831 


0 . 0590 


0.0919 




.60321 



Number of CroGcovero 



%%%%%%% Roctart micro - population at generation #2- %%%%%%% 



tttfftfttttffttftttttfttttttttfttt Generation £3- 
# Binary Cod e 

1 oooiooioooooooooooioooioioioio 

2 111011111101110111100000000100 

3 111011010011100010010011110101 
1 110110011100011100011100111101 
5 110101010001111100001001111010 

Average Valuec ! 

Average Function Value of Generation" 0.19819 
Maximum Function Valu e ° 0.99008 



ttttftfttttfttttfttftffttffttftttf 




Paraml 


Param2 


FitncGC 


0 . 0703 


0 . 0677 




. 99008 


0 . 9370 


0.9377 




.00000 


0 . 9267 


0.2887 




.00004 


0.8507 


0 . 5566 


-0- 


.00000 


0.8325 


0 .5194 


-0- 


.00083 


0.7234 


0 . 4740 


£- 


.19819 



Number of Croocovore * ^ 

Elitict Reproduction on Individual 



tttttftttttffttttttftttttffttttttf Generation £4 
# Binary Code 

1 100100010000101100101011111010 

2 011100000010000010010010100101 

3 oooioooioooiooioooooioioiiioio 

4 110100110000100000000000111010 

5 oooiooioooooooooooioooioioioio 



ttfttttftttttftfftfttttttfftfttttt 

Paraml - Param2 Fitneoo 

0 . 5666 0.5 8 5 8 0 .00000 

0 . 43 8 0 0.2 8 63 0.20530 

0 . 0667 0 . 0213 0 .17015 

0 . 8244 0 .0018 0 .00076 

0 . 0703 0 .0677 0 .99008 
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Average Values ; 



0 .3932 0 . 1926 0 .27326 



Average Function Value of Generation" " 
Maximum Function Valu e 



0.27326 
0 . 99008 



Numb e r of Crossov e rs «■ ^ 

Elitist Reproduction on Individual 



tftftfftfttftftttttttttfttftfttttt Generation 
# Binary Cod e 

1 000100010000000000101010101010 

2 010100100000100000100010111010 

3 oiiioooioooiooioiooiioioioioio 

4 00010 0100000000000100010101010 



Avorago Values ; 

Average Function Value of Generation^ 0.38607 
Maximum Function Value = 0.99008 



tttttttftttttttftfttttttttftfttttt 




Paraml 


Param2 


Fitness 


0 .0664 


0.0833 




.80811 


0 .3204 


0.0682 




.03682 


0 .4417 


0.3021 




.09533 


0 .0703 


0.0677 




.99008 


0 .9414 


0.2863 




.00000 


0.3681 


0.1615 




.38607 



Number of Crossovers =■ 
Elitist Reproduction on Individual 



###tftttftttftttffttffftttftttf Generation 
# Binary Cod e 

1 001100100000000000000010101010 

2 oioiooioooooioooooioooioiiioio 

3 oooiooioooooooooooioooioioioio 

1 000100010000000000100010101010 

5 oooioooiooooooooooioooioioioio 



ttfttttttftttftttttttftttttttftftt 

Paraml Param2 Fitn e ss 
0.0052 



0 .1953 
0 .3204 
0.0703 
0 . 0664 
0 . 0664 



0 . 0682 
0.0677 
0.0677 
0.0677 



0 .00027 
0 .03682 
0 .99008 
0.99929 
0.99929 



Averag e Valu e s ! 



0.1438 0 . 0553 0 .60515 



Avorago Function Value of Generation^ 0.60515 
Maximum Function Valu e ° 0.99929 



Number of Crossovers 



-64 



%%%%%%% Restart micro - population at g e neration %%%%%%% 



ftfttfttttfttftfttfttttftfttttfttf Generation %Q- tttttftttttftfttfttttttttttttttt ft 

# Binary Code Paraml Param2 Fitness 

1 000100010000000000100010101010 0*0664 0.0677 0 .99929 

2 110010000100000000001001010000 0 . 7823 0 . 0181 0 .00011 

3 001111000000001011101111101001 0 .2344 0.4681 0 .21614 

4 001001101100111101010000100101 0 . 1516 0 . 6574 0 .00002 

5 101010101010110011111110001100 0.6667 0 .4965 0 .026 8 1 



Average Values; 



0 .3 8 03 0.3415 



Avorago Function Value of Gen e ration - 
Maximum Function Valu e 



0.24847 
0 . 99929 



M 8 47 
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Number of Crossovers 5-9 
Elitiot Reproduction on Individual 



#tftttttfftttttttftfttttftttffttt Generation 
# Binary Cod e 

1 100011000100001010001001001001 

2 oooiooooooooooioiiioooiiioiooi 

3 ooiiiiooooioiiioiiioiiioooiooi 
1 oooioooiooooooooooioooioioioio 

5 101010100000010011110010101000 
Av e rage Valu e s ; 



Average Function Value of Generation^ 0.35331 
Maximum Function Value ° 0.99929 



Number of Crossov e rs = -8-0- 

Elitist Reproduction on Individual 



tttttffttttftffttttttfftttttftfttt 




Paraml 


Param2 


Fitness 


0 . 5479 


0.2679 




.00000 


0.0625 


0.4446 




. 45230 


0.2351 


0.4651 




.23296 


0.0664 


0.0677 




.99929 


0.6641 


0.4739 




.08201 


0.3152 


0.3438 




.35331 



Wtttttttfttttfrftttfttfttttft Generation £-9- 
# Binary Cod e 

1 001100000010111011101010001001 

2 100110110000000001110010101000 

3 oooooooioooooiooooioooioioioio 

4 oooioooiooooooooooioooioioioio 

5 ooiiioooooooooioonooiioioiooi 



Average Values : 

Average Function Value of Generation ^ 0.20718 
Maximum Function Valu e ° 0.99929 



ttttttfttttttttttttfttfttttftftttt 




Paraml 


Param2 


Fitness 


0 . 1882 


0.4573 


£- 


.00115 


0 .6055 


0.2239 


£- 


. 00859 


0 . 0040 


0.0677 


-0- 


.02283 


0.0664 


0.0677 


^> 


. 99929 


0.2188 


0 .2005 


-0- 


. 00401 


0 . 2166 


0.2034 




.20718 



Number of Crossov e rs 



tttftttttttftttttttttttttftftftttt Generation ^ 
# Binary Code 

1 100100010000010001110010101000 

2 oooioooiooooooooooioooioioioio 

3 000100110000000001110010101000 

4 000110110000000000110010101000 

5 001110000000000001100110101011 

Average Values ; 



Average Function Value of Generation " 0.27481 
Maximum Function Value ° 0.99929 



Number of Crocoovcrc =■ 
Elitist Reproduction on Individual 



ftftftttfttfttttttfttfttfttttttttt 




Paraml 


Param2 


Fitneco 


0.5665 


0.2239 




.00000 


0.0664 


0.0677 


O- 


.99929 


0. 0742 


0.2239 




.24466 


0.1055 


0.0989 




.12604 


0.2188 


0.2005" 




.00404 


0.2063 


0.1630 




.27481 



tftttttttttttftttttfttftfttftfftft Generation ^ 
# Binary Cod e 

i oooioooiooooooooooioooioioioio 



Paraml Param2 Fitness 
0 . 0664 0 . 0677 0 . 99929 
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2 oooioooiooooooooQiiooiioio 1011 

3 oooiooooooooooooooioooioiQ 1011 

4 ooiioooooooooooooiiooiioio 1001 

5 oooioooioooooooooiiiQOiQio 1010 



Average Valuoc ! 



0 . 0664 
0 . 0625 
0 .1875 
0 . 0664 



0 .2005 
0 .0677 
0 .2005 
0 .2239 



Averag e Function Value of Generation^ 0.45275 
Maximum Function Value - 0.99929 



0.02316 
0.98497 
0 . 00004 
0 .2562 8 



0.089 8 0.1521 0 . 45275 



Number of Croocovors 



tttttftttttfftttttftttttfttttttttt Generation ^ 
# Binary Cod e 

1 oooioooiooooooooooiooiioioioii 

2 oooioooioooooooooiiooiioioio 11 

3 oooioooiooooooooooioooioioioio 
l oooiooooooooooooooioooioioioio 
5 oooioooiooooooooooiiooioioioio 

Avcrago Valuoc : 



##tffttttfttfttttfftfttftttttftf 

Paraml Param2 Fitneoo 

0 .0664 0.0755 0.94273 

Q .0664 0.2005 0 . 02316 

Q .0664 0 . 0677 0 . 99929 

0 . 0625 0 . 0677 0 . 98501 

0 . 0664 0 . 0989 0 . 43330 

0 . 0656 0.1021 0 .67670 



Averag e Function Value of Generation--- 0.67670 
Maximum Function Value = 0.99929 



Number of CrooGOvero ~ ^ 

Elitict Reproduction on Individual 



tffttfttttttttfttfttttfttfftttttft Generation 
# Binary Cod e 

1 oooioooiooooooooooioooioioioio 

2 oooioooiooooooooooiooiioioioii 

3 oooioooiooooooooooiiooioioioio 

4 oooioooiooooooooooiiooioioioio 
c oooioooiooooooooooiooiioioioii 



Average Valuoc : 

Average Function Value of Generation - 0.75027 
Maximum Function Value « 0.99929 



#fttttttttftfttftttttfttttttttttt 




Paraml 


Param2 


Fitnooc 


0 . 0664 


0.0677 




,99929 


0 . 0664 


0 . 0755 




.94273 


0 .0664 


0.0989 




.43330 


0 . 0664 


0 . 0989 


3- 


.43330 


0 . 0664 


0.0755 


3- 


.94273 


0 . 0664 


0.0833 




.75027 



Number of CroeoovGre * -8-G 

Elitict Reproduction on Individual 



tffttftttftttttfttttfttftffttttftt Generation 
# Binary Cod e 

1 oooioooiooooooooooiooiioioioii - 

2 oooioooiooooooooooioooioioioii 

3 oooioooiooooooooooiooiioioioii 

4 oooioooiooooooooooiooiioioioii 
d oooioooiooooooooooioooioioioio 



tttttttttttfttttfttftttftftttttttt 

Paraml Param2 Fitnoce 
0.0664 0. 0755 0 .94273 
Q . 0664 0 . 0677 0 .99925 



0.0664 
0 . 0664 
0 . 0664 



0. 0755 0 .94273 



0 . 0755 
0.0677 



0 .94273 
0 .99929 



Average Valued 0-0664 0.0724 0.96535 

Average Function Value of Generation- 0.96535 
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Maximum Function Value 



0 . 99929 



Number of Croooovoro ~ 
Elitiot Reproduction on Individual 



#ftttttttttfttttttttftttttttttttf Generation 
# Binary Code 

1 OQOlOOOlOOOOOOQOOOlOQllOiQ 1011 - 0 ■ 0664 

2 000100010000 nnnnnni nm 1 0101011 0.0664 

3 0001000100000000001001101 Q1Q11 0.0664 

4 0 001000100000000001000101010 10 0 • 0664 
Z 00010 00 10 P nnnnnnnni nnni niOlOll 0.0664 

Average Valuoo ! 



^ tttfttftttttttftftttttfftftttftttt 

Paraml Param2 Fitnccc 
0 . 0755 
0.0755 



0 . 0755 
0.0677 
0 .0677 



0.94273 
0 .94273 
0 .94273 
0.99929 
0 . 99925 



Q . 0664 0 . 0724 0 . 96535 



Average Function Value of Generation . ■ 0.9653 5 
Maximum Function V ol no - 0.99929 



Number of Croooovor o - ^ 

Elitiot Reproduction on Individual 3- 



■U*%*%% Reotart micro population at generation %%%%%%% 



Mttttttttttttttfttttftffttttttt Generation 34 
# Binary Cod e 

1 oooioooiooooooooooioooioio 1010 

2 loiiiiiioioiiiiooioooooiooo 010 

3 01100111011 11 i .iooooiiiiiooiioi 

4 lioiooooiiooiioooiooiooooio 010 

5 iioiooooioioiooiiioiiooooiiioi 



Avoragc Valuoo ; 

Average Function Value of Generation^ 0.208 03 
Maximum Function Vali i P - 0.99929 



Mttttttttftftfttttttttttttttttf 




Paraml 


Param2 


Fitnooo 


0.0664 


0.0677 




.99929 


0.7476 


0 .1270 


-9- 


.00000 


0.4043 


0.0609 


Q- 


.04075 


0.8156 


0.1412 


•0- 


.00008 


0.8151 


0 . 9228 


Q- 


.00001 


0 .5698 


0.2639 


£- 


.20803 



Number of Croooovoro — ^ 

Elitiot Reproduction on Individual 



tttftftttttttttttffttttfttfttttftt Generation W ttttfttttttttfttttttttftftttttttft ^ 

# Binary Code Paraml Param2 Fitnccc 

1 01010001000011000100101011^ 010 0.3166 0-1463 



2 OlOOOOlOlOlOllOOllOlllllOO^ 101 0-2604 0.1360 

3 oooiooo i OQnnnnnnnninnni 01 01010 0.0664 0-0677 

4 0100001 1011 1 1 ni nnnnni nmnnm 0-2636 0-0297 
Z iioioOQOl O O^IinnnnnnnoiOIOOQlO 0.8147 0-0049 



Average Valuoo i 



Average Function Value of Generation™ 0.31591 
Maximum Function Valu e " 0.99929 



0 .00004 
0 .30846 
0.99929 
0.27098 
0 .00079 



0.3443 0.1369 0 .31591 



Numb e r of Croooov e rs 
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Elitict Reproduction on Individual 2 



ttttftttttttttfttttf ftftftttfttttt Generation W ###tt##tt#tfft#ttfttttftftt 

# Binary Code Paraml Param2 Fitncoo 

1 010100101010110010101110101010 0.3229 0 .3411 0 .00002 

2 000100010000000000100010101010 0 . 0664 0 . 0677 0 . 99929 

3 000100000000000000010110101001 0.0625 0. 0442 0 .65745 

4 000100010111100000101011101111 0 . 0682 0. 0854 0 .76094 

5 110100001000010000100010101010 0 . 8145 0. 0677 0 .02958 



Av e rage Valu e s ! 



0 .2669 0.1212 0 .48946 



Average Function Value of Generation ^ 0.48946 
Maximum Function Valu e = 0.99929 



Number of Croooovorc 

Elitict Reproduction on Individual 



#fttftttttttftffttfttfttttfttfttt Generation ^ ftfttf tttttttftftftttttttttttttttf 



# Binary Code 

1 000100010000000000100110101010 

2 000100010001100000101011101010 

3 000100010011100000101010101110 

4 000100010000000000100010101010 

5 oooioooioonooooooioooioioioio 



Paraml 
0.0664 



Param2 
0.0755 



Fitn e cp 
0.94312 



0 . 0668 0.0853 0.76555 

0.0673 0.0834 0.80553 

0.0664 0.0677 0 . 99929 

0.0671 0.0677 0 . 99936 



Average Valuec i 



0 . 066 8 0.0759 0 . 90257 



Average Function Value of Generation ^ 0.90257 
Maximum Function Value ° 0.99936 



Number of CroGCOvoro ° %A? 

Elitict Reproduction on Individual 



ttfttftttttftttffttftftftttttftttt Generation ttftttfttttftttttttttftf fttttttttf 

# Binary Cod e Paraml Param2 Fitnecc 

1 000100010001000000100010101010 0 . 0667 0 . 0677 0 .99940 

2 000100010000000000100010101010 0 . 0664 0 . 0677 0 .99929 

3 000100010000100000101010101110 0. 0665 0 . 0 8 34 0 . 8 055 8 

4 000100010011000000100010101010 0. 0671 0 . 0677 0 .99936 

5 000100010001000000100010101010 0 . 0667 0 . 0677 0 .99940 



Average Valuec : 



0 . 0667 0 . 0708 0 . 96061 



Average Function Value of Generation" 0.96061 
Maximum Function Valu e « 0.99940 



Number of Crossovers 



7^ 



%%%%%%% Rootart micro - population at generation S-Q- 



tttttftttftffttttftftttttftftftttf Generation Si ttfttttfftfttftfttftttttfttttftttt 

# Binary Code Paraml Param2 Fitn e c p 
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-±- 


110111011001111001100010011101 


o 


0667 
. 8657 


0 


0677 
.1923 


-0- 


99940 
.00030 




ooiooooiiioinooioioooioiiiioo 




. 1323 




.3182 




.00073 


3- 


11111100011000 000101001100 0011 




.9859 




.1622 




.00000 


Ar- 


100000101011100010100100110011 




.5106 




.3219 




.00125 



Average Values ! 



0 . 5122 0.2125 0 .20034 



Average Function Value of G e noration= 0.20034 
Maximum Function Valu e ° 0.99940 



Number of Crossov e rs = -7-^ 

Elitist Reproduction on Individual 



ttfrtftfttfttttftfttttfttfftfttftt Generation £2- 
# Binary Cod e 

1 100000011001000010100100101011 

2 101000111111100010100000110110 

3 oooioooioooiooooooioooioioioio 

1 000100111001000010100010101010 
5 110111111001110001100010111001 

Av e rage Values ; 



Average Function Value of Generation^ 0.21310 
Maximum Function Valu e - 0.99940 



tftttrtfttttttttfttftttttttftftttt 




Paraml 


Param2 


Fitness 


0.5061 


0 .3216 




.00204 


0 .6405 


0.3142 




.01565 


0 .0667 


0.0677 




. 99940 


0 .0764 


0.3177 




.04817 


0 .8735 


0 .1932 




.00026 


0 .4326 


0.2429 




.21310 



Number of Crossovers — ^-5 

Elitist Reproduction on Individual 



Param2 
0.3177 



tfttftfttfttfttftttfttttttfttttftt Conoration ^ ftfttttftttftfffftfttfttttfttttttt 

# Binary Code Paraml 

1 001100111101000010100010101010 0 .2024 

2 000100010001000000100010101010 0 .0667 

3 100100011011100010100010101010 0 .5692 
1 100000011111100000100010111110 0 .5077 
5 100000011001100000100000110110 

Average Values :, 



Average Function Value of Generation ^ 0.223 96 
Maximum Function Valu e = 0.99940 



Fitness 
0.00157 



0 . 0677 0.99940 
0.3177 
0.0683 



0.00000 
0.05532 

0.5062 0.0641 0. 06350 



0 .3704 0 . 1671 0 .22396 



Number of Crossovers *» -74 

Elitist Reproduction on Individual 



tftftttttttttftfttttfttttftttttttt Generation %A 
# Binary Cod e 

1 OOOIOOOIOOOIOOOOOOIOOOIOIOIOIO 

2 000100011001000000100000100110 

3 100000010011000000100010101010 

4 100000011011100000100010110110 

5 100000010111100000100010111010 

Averag e Valu e s ! 



tttttttttttftftftffttftftttftftttt 




Paraml 


Param2 


Fitness 


0.0667 


0.0677 




. 99940 


0.0686 


0.0637 




.98983 


0 .5047 


0.0677 




.07389 


0 .5067 


0 . 0681 


■0-= 


.06088 


0 .5058 


0 . 0682 




.06676 


0 .3305 


0.0671 




.43815 
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Average Function Value of Generation^ 0.43815 
Maximum Function Value - 0.99940 



Number of Crossovers 



£-3r 



ttfttttttttttttftttftfftttfttttttt Generation 
# Binary Cod e 

1 oooioooioooiooooooioooioioiiio 

2 oooioooiooiiooooooioooioioioio 

3 looioooiioiiooooooioooooiooiio 

4 oooioooioooiooooooioooioioioio 

5 oooioooioooiooooooioooioioioio 

Average Valueo : 



Average Function Value of Generation ^ 0.79948 
Maximum Function Valu e ° 0.99940 



tttttftttttttffttftttffttttfftfttt 




Paraml 


Param2 


Fitness 


0 .0667 


0.0678 




,99923 


0.0671 


0.0677 




r-99936 


0 .5691 


0.0637 




.00002 


0.0667 


0.0677 




.99940 


0.0667 


0.0677 




. 99940 


0.1672 


0 . 0669 




.79948 



Number of Crossovers 



%%%%%%% Roctart micro - population at generation %%%%%%% 



tttttttfttttttfftttttttftttttttttt Generation 
# Binary Code 

1 oooioooioooiooooooioooioioioio 

2 111101010110111111101011100011 

3 loooiiiioiiooooiiiiooooooioooi 

1 11011111110110000000 0 000101101 

5 loooiioioooiiioooiooioioooooio 

Average Values i 



Averag e Function Value of Generation^ 0.20000 
Maximum Function Valu e ° 0.99940 



Number of Crossovers -> &i 

Elitiot Reproduction on Individual 



###ttftttfttttftfttftttftttfttf 




Paraml 


Param2 


Fitncoo 


0.0667 


0. 0677 




99940 


0.9587 


0.9601 




00000 


0.5601 


0. 9380 




00000 


0.8744 


0.0014 




00058 


0.5512 


0.1446 




00000 


0.6022 


0 .4224 




20000 



tttttftttfftttftttfttftfttftttttft Generation 
# Binary Cod e 

1 110011011101100001000000001011 

2 100111010101000000000000101110 

3 looioooioooiiooooiioioioioioio 

1 110111110110111010101011101001 

5 oooioooioooiooooooioooioioioio 



Average Valueo ; 

Average Function Value of Generation - 0.20024 
Maximum Function Valu e 



ttttttttttttttfttttftfttftfttftttt 




Paraml 


Param2 


Fitness 


0.8041 


0.1253 


£- 


.00060 


0.6145 


0. 0014 


3- 


.00105 


0.5668 


0 .2083 


S- 


.00000 


0.8728 


0.3352 




.00012 


0.0667 


0.0677 




.99940 


0.5850 


0. 1476 




.20024 



Number of Croccovers 



■87^ 
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Elitict Reproduction on Individual 



tftffttttttttttftttffttftfttttfttf Generation tttf tfftttttttfftftftftftftfttftft 

# Binary Code Paraml Param2 Fitnooo 

1 100101010001000000100000101010 0.5 8 23 0.063 8 0.00117 

2 100111011101000001000000001111 0-6165 0.1255 0.00329 

3 000110010101000000000010101010 0 .0989 0.0052 0.01192 

4 010100010101000000000010001011 0 .3176 0.0042 0.00124 

5 000100010001000000100010101010 0.0667 0.0677 0.99940 

Average Valuoc ! 0 .3364 0.0533 0.20341 

Av e rage Function Value of Generation ^ 0.20341 

Maximum Function Valu e ° 0.99940 



Number of Croccov e rc « &i 

Elitict Reproduction on Individual 



ttfttttttrtffttftffttttttttttfttft Generation &9> tttttf tttttftftttfttttttfttftftttt 

# Binary Code Paraml Param2 FitnooG 

1 000100010101000001000010101110 0 . 0676 0.1303 0.02076 

2 000100010101000000000010101010 0 . 0676 0 . 0052 0 . 02741 

3 100101010001000001100000001110 0 .5823 0.1879 0 .00000 

4 000100010001000000000010101010 0 . 0667 0.0052 0 . 02742 

5 000100010001000000100010101010 0 . 0667 0.0677 0 . 99940 



Average Valueo : 



0 . 1702 0.0793 0 .21500 



Average Function Value of Generation ^ 0.21500 
Maximum Function Valu e ° 0.99940 



Number of Croccoverc 



-7^ 



%%%%%%% Roctart micro - population at generation 



# # ##fttfftfttf#ftfttftttftttt Generation W Wtttftttttffttttf fttfftftfttt 



# Binary Code 

1 000100010001000000100010101010 

2 111011100110001000000111101010 

3 000110001000010101011000100101 

4 001110000 010101100101100 011001 



Paraml 
0.06 6 7 
0. 9312 
0 . 0958 
0 .2194 



Param2 
0 . 0677 
0.0150 
0.6730 
0.5867 



Fitneoo 
0 . 99940 
0 . 00000 
0 . 08067 
0 . 00052 



5 000001010000000000101010000011 0 • 0195 0.0821 0.12108 



Average Valuoc : 



0.2665 0 .2849 0 .24034 



Average Function Value of Generation^ 0.24034 
Maximum Function Value ° 0.99940 



Number of Croccoverc — £5- 

Elitict Reproduction on Individual i 

tftffftfftttfttfttttttttfttfttftft Generation Si tttfttfttftttttftfftttfttftttttftf 

# Binary Code Paraml Param2 Fitnecc 
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1 000100010001000000100010101010 

2 000001010001000000100010000011 

3 oooioooioooioooiooiooiooooiooi 

4 ooiiiooioooiooioooioioooiiiooi 

5 oooooooioooiooooooioioioooioio 



Average Values ! 

Average Function Value of Generation ^ 0.2753 9 
Maximum Function Valu e ° 0.99940 





.0667 




. 0677 




.99940 




rt 1 Q o 
. UXjo 


-tH 


rt>OD5 


n 


1 /I p c c 




.0667 




.5706 


0- 


.00003 




.2229 




.0799 




.20940 


3- 


. 0042 




.0823 




.01946 




. 0760 


3- 


.1734 




.27539 



Number of Crocoov e r s «• ^2- 

Elitict Reproduction on Individual 



ttttfttttttfttfttftffttfftttttfttt Generation 
# Binary Cod e 

1 Q01110010001000000100010111010 

2 ooiioooioooiooioooioooooioiooi 

3 ooioiioioooiooioooioooooioioii 

4 oooioooioooiooooooioooioioioio 
o oooiiooioooiooioooioioooiiiooi 



Average Valuoc : 

Average Function Value of Generation^ 0.32 8 63 
Maximum Function Valu e ° 0.99940 



###tttfttftftfrftttttfttftttttt 




Paraml 


Param2 


Fitncco 


0 . 2229 


0.0682 




.23824 


0.1917 


0.0638 




.00485 


0.1761 


0.0638 


Q- 


. 00003 


0 . 0667 


0.0677 


^■ 


. 99940 


0 . 0979 


0.0799 




. 40061 


0.1510 


0 . 0687 




.32863 



Number of CrooDOvorc - ^6 

Elitiot Reproduction on Individual 



ttftfttttftttfftfttffttttftttftttf Generation ^ 
# Binary Cod e 

1 oooioooioooiooioooioioioiiioio 

2 ooiiiooioooiooooooioooooiiiooi 

3 oooioooioooiooooooioooioioiooo 
i ooiiiooioooiooooooioioooiiiooi 
o oooioooioooiooooooioooioioioio 



Average Valuoc : 

Average Function Value of G e neration ^ 0.64860 
Maximum Function Valu e 63 0 - 99948 



ttfttttttttfttttftfttfttttttttftft 




Paraml 


Param2 


Fitnocc 


0 . 0667 


0. 0838 




.79780 


0 . 2229 


0 . 0642 




.23733 


0.0667 


0.0676 




. 99948 


0 .2229 


0. 0799 




.20895 


0.0667 


0.0677 


& 


.99940 


0 .1292 


0 . 0726 




.64860 



Number of Croeoovors -» 
Elitict Reproduction on Individual 



ttttttfttftttfftfttfttftfttftttfft Generation $4 
# Binary Cod e 

1 000100010001000000101010101010 

2 ooiioooioooiooooooioooooioiooo 

3 oooioooioooiooooooioooioioiooo 

4 ooiiiooioooiooooooioooooioioio 

5 oooioooioooiooooooioioioiiiooo 

Average Valuec ! 



ttttttftttttttttftfttftffttttttftt 




Paraml 


Param2 


Fitncoc 


0. 0667 


0.0833 




.80821 


0.1917 


0. 0637 




.00481 


0.0667 


0.0676 


Q- 


.99948 


Q . 2229 


0.0638 




.23686 


0.0667 


0.0837 




.79911 


0.1229 


0 .0724 




.56969 
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Average Function Value of Generation - 0.56969 
Maximum Function Value - 0.9994 8 



Number of Crossovers 



%%%%%%% Rcotart micro - population at g e neration £4 



ttttttttttttttftftttftfttftftttttt Generation ^ 
# Binary Cod e 

1 oooioooioooiooooooioooioioiooo 

2 ooiiiioiioiiiiiioioiiioiiiooio 

3 010111011111111110111011011010 

4 oiiiioiiooioiiioooioioiiioiioi 

5 100101000001111110010010000010 



Average ValuoG ; 

Average Function Value of G e neration - 0.26153 
Maximum Function Valu e ° 0.99948 



tffttttttttttttttttttftttftttttttt 




Paraml 


Param2 


Fitness 


0.0667 


0.0676 




.99948 


0.2412 


0.6832 




.06203 


0 .3672 


0 .8661 




.00000 


0.4812 


0.0854 




.24615 


0.5786 


0.7852 




.00000 


0.3470 


0.4975 




.26153 



Number of Crossovers *» 
Elitist Reproduction on Individual 



tttfftttfttttftttttttttfftftttftft Generation $4 
# Binary Code 

1 000111110010111010111010100100 

2 looioooooooioiiiioiiooioioioio 

3 oooiiooiooiiooioooiooiioiooooo 

4 oooioooioooiooooooioooioioiooo 
o oooiiioiooiiooooooiiiioiiiooio 

Av e rage Values ; 



Average Function Value of Generation ^ 0.28652 
Maximum Function Valu e ° 0.99948 



Number of Crossovers — 3-7- 

Elitist Reproduction on Individual 



tftfttttttftftftftfttttttttttttftt 




Taraml 


Param2 


Fitness 


0.1218 


0.3644 




.00000 


0.5629 


0.8490 




.00000 


0.0984 


0. 0752 




.42211 


0.0667 


0.0676 




. 99948 


0.1140 


0.1207 


£- 


,01099 


0.1927 


0.2954 


-0- 


:28652 



tftttttttttttttttttttftttttttftftf Generation $3- 
# Binary Cod e 

1 000110010001001000100010101000 

2 000110010011001000111101110000 

3 oooioooiooiiooioooioooioiooooo 

4 100100010001001110110010101010 

5 oooioooioooiooooooioooioioiooo 

Average Values ; 



Average Function Value of Generation- 
Maximum Function Valu e 



0 .49798 
0 . 99967 



tftftffttttfttttttfttttttttttttttt 




Paraml 


Param2 


Fitness 


0 .0979 


0.0676 




.45717 


0.0984 


0.1206 




.03357 


0.0672 


0.0674 


£- 


.99967 


0 .5667 


0.8490 


£- 


.00000 


0.0667 


0 . 0676 




.99948 


0 .1794 


0.2344 




.49798 
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Number of Croooov e rs - ^ 

Elitiot Roproduction on Individual 



#tttftttffftttftftfftfttfftttttft Generation $Z 
# Binary Cod e 

1 0001000100110 010001000101QOOOQ 

2 oooioooiooiiooioooioooioioiooo 

3 oooioooiooiiooioooioooioioiooo 

4 oooiiooioooiooooooiiiiooiiiooo 

5 oooioooiooiiooioooioooioioiooo 



#tttftftttftt tt tttttfftttttttfttt 

Paraml Param2 Fitn e ss 
0.0674 



0.0672 
0 . 0672 
0 . 0672 
0 . 0979 
0.0672 



0.0676 
0. 0676 
0.1189 
0.0676 



0.99967 
0 . 99942 
0.99942 
0 .04160 
0 .99942 



Average Values i 



0 . 0733 0 . 0778 0 .80791 



Average Function Value of Generation^ 0.80791 
Maximum Function Valu e ° 0-99967 



Number of Croocovcrc 



%%%%%%% Rootart micro - population at generation 



fttttfttfttfftttfttttftttttftffttt Generation 
# Binary Code 

1 oooioooiooiiooioooioooioiooooo 

2 lioooooooooooiiiooioiooiioiioo 

3 liiioooiooiiiiiiooiiooiioiiooi 

4 oioiiooooooooiioiiooiiooooiooi 

D 100101101001110100000110000011 
Average Valuoc : 



Average Function Value of Concration= 0.19996 
Maximum Function Valu e ■ 0.99967 



Number of CroooovGrs — &i 

Elitict Roproduction on Individual 



ttttfttfftttfttftfttfttttttttttttt 




Paraml 


Param2 


Fitnocc 


0 . 0672 


0 . 0674 




.99967 


0 . 7501 


0 .5814 




. 00000 


0 . 9424 


0 . 6004 




,00000 


0.3439 


0 . 3987 




.00001 


0 . 5883 


0 .5118 




.00014 


0 . 5384 


0 . 4320 




.19996 



####ftfttttftttfttfttffttttttf Generation W 
# Binary Cod e 

1 oooioooiooiiooioooioooioiooooo 

2 010110000011001001100100101000 

3 oooiooiiiooiioiiooiooiiooooooo 

4 oioiioooooiioiioiiioioooioiooi 



##tttttftfftttttfttttftftttfftft 

Paraml Param2 Fitncoo 

0 . 0672 0.0674 0 .99967 

0 .3445 0 . 1965 0 . 00000 

0 . 0766 0 .5742 0 .00012 

0 . 3446 0 . 4544 0 .00011 



5 010110010011011000101010100001 0 .3485 0.0830 0-00004 



Average Values ; 



0 .2363 0 .2751 0 .19999 



Average Function Valu e of Generation^ 0.19999 
Maximum Function Value - 0.99967 



Number of CrooGOvcro - ^ 

Elitiot Reproduction on Individual & 



ttfttfttftttfttttttfttttttfttffttt Generation iOi ttftfttttttttttftf ftttfttfttttftft 
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# Binary Code Paraml Param2 

1 010100010011001011101010101001 0 .3172 0 . 4583 

2 010100010011011001101010101000 0.3172 0.20 8 3 

3 010100000011011000100010101000 0 .3133 0 . 0676 

4 000110111011011100101110100001 0 . 10 8 2 0 . 5909 

5 000100010011001000100010100000 0 . 0672 0 . 0674 



Fitn e ss 
0.02828 
0.00346 
0.0 8 362 
0.00136 
0.99967 



Average Values ■ 



0 .2246 0.2785 0 .22328 



Av e rage Function Value of Coneration= 0.22328 
Maximum Function Valu e = 0.99967 



Numb e r of Crossovers » €-8- 

Elitist Reproduction on Individual 



###tfttftfffttttftttfttttttftft Generation ^05- #ft####ttttfttt tftftfttttfttt 



# Binary Cod e 

1 010100010011001001100010101000 

2 000100000011001000100010101000 

3 010100000011011001100010101000 

4 000100010011001000100010100000 

5 000100000011011000100010100000 



Paraml 
0 .3172 
0.0633 
0 .3133 
0.0672 
0.0633 



Param2 
0 . 1926 
0 . 0676 
0 . 1926 
0 . 0674 
0 . 0674 



Fitness 
0.00033 
0.98970 
0.00050 
0.99967 
0.99029 



Average Valu e s i 



0.1649 0.1175 0.59610 



Average Function Value of Generation " 0.59610 
Maximum Function Valu e * 0.99967 



Number of Crossov e rs *» S-G 

Elitist Reproduction on Individual 



tftttfftfttttttftttrttfttttffttttt Ccnoration ±£3- ttftttttttfttttf ftfttttffttffttf ft 

# Binary Code Paraml Param2 Fitn e ss 

1 000100010011011000100010100000 0 . 0672 0 . 0674 0 . 99964 

2 010100000011011001100010101000 0 .3133 0 . 1926 0 .00050 

3 000100010011011000100010100000 0 . 0672 0 . 0674 0 .99964 

4 000100000011001000100010100000 0 . 0633 0 . 0674 0 .98996 

5 000100010011001000100010100000 0 . 0 6 72 0 . 0674 0 . 99967 



Average Values ! 



0 . 1156 0 . 0924 0.797 88 



Average Function Value of Generation^ 0.79788 
Maximum Function Value ° 0.99967 



Number of Crossov e rs 



1A: 



%%%%%%% Restart micro - population at generation %%%%%%% 



###tffttttt tf tttttttttttttftttt Generation MMt ttftfttf ftftttttttfttfttftftfttttf 



# Binary Code Paraml Param2 Fitness 

1 000100010011001000100010100000 0 . 0672 0 . 0674 0 . 99967 

2 001110000000000110110101011010 0.2188 0 . 8543 0 .01177 

3 101110001001101110111000001101 0 . 7211 0 .8598 0 .00013 

4 010111001001101010000101010110 0 . 3617 0 . 2604 0 .00000 
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5 10111110101110101011010101 01 00 0.7150 0.3541 0-00000 



Average Value c : 



0 . 4228 0 .4792 0 .20232 



Average Function Value of Generation * 0.20232 
Maximum Function Valu e - 0.99967 



Number of Crossovers - ^4- 

Elitiot Reproduction on Individual 



ttttfttftttffttfftftfttftttfttttft Generation ±Q& 
# Binary Cod e 

1 oioiioooooiiioiooooooiooiooiio 

2 looioooiiooiooioioiiiooooooioo 

3 ooiiioooiooiooiiioiiooooioiooo 

4 oooioooiooiiooioooioooioiooooo 

5 001110010010001100100111001010 



Average Valu e s ; 

Average Function Value of Gcncration= 0.20287 
Maximum Function Valu e ° 0.99967 



tttffttttttftftttftftttttttttttttt 




Paraml 


Param2 


FitnocG 


0 . 3446 


0.0090 




.00001 


0.5687 


0.3595 


. 


.00000 


0.2210 


0.8450 




.01461 


0 . 0672 


0.0674 




.99967 


0.2232 


0.5765 


0- 


.00007 


0 .2849 


0.3715 


Q- 


.20287 



Number of CroGoovers « £3- 

Elitiot Reproduction on Individual 



ttfttttttffttttfttttfttftttttttttt Generation ^ 
# Binary Cod e 

1 oooioooiooiiooioooioooioiooooo 

2 oooioooiooiiooioooiooiooiooooo 

3 ooiiooooioiiooiiioioooooioiooo 
i oooiioooooiiooiiioiiooooioiooo 
5 ooiioooiooioooioooiooiiiioioio 

Average Valu e s : 



Averag e Function Value of Generation^ 0.40544 
Maximum Function Value ■ 0.99967 



Number of Croocov e rs — ^3- 

Elitiot Reproduction on Individual 



Wtfttfttffttftttftttttttttttt 




Paraml 


Param2 


Fitnocc 


0.0672 


0.0674 




,99967 


0.0672 


0 . 0713 




.98461 


0.1902 


0.8137 




.00010 


0.0945 


0 . 8450 




.03811 


0.1919 


0.0775 




.00470 


0 .1222 


0 .3750 


3- 


.40544 



tttftttftftttttttttttftttttttftttt Generation W 
# Binary Cod e 

1 oooioooiooiiooioooioooooiooooo 

2 oooiioooooiiooioioiooiooiooooo 

3 oooiooooooiiooiiooioooioiooooo 
i oooioooiooiiooioooioooioiooooo 
D oooiiooiooiiooiiooioooooioiooo 

Average Valuec ■ 



Average Function Value of Conoration ° 0.40175 
Maximum Function Value ° 0.99967 



#tttttttffttftttfttttftttttttfttt 




Paraml 


Param2 


Fitness 


0 .0672 


0.0635 




.99124 


0.0945 


0.3213 




.01785 


0 .0633 


0.5674 




.00001 


0 .0672 


0.0674 




.99967 


0.0984 


0.5637 




.00000 


0.0781 


0.3167 




.40175 
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Number of Crocoov e ro • 

Elitiot Reproduction on Individual i 



%%%%%%% Roctart micro - population at generation W %%%%%%% 



tttfttfttttttftffttffttttffttftftf Generation tttf fttttf tttftf ftfttttfftttfttttf 



# Binary Cod e Paraml Param2 

1 000100010011001000100010100000 0 . 0672 0 . 0674 

2 101010100101011100011101110010 0.6654 0 . 5582 

3 000000001101110001011000010110 0 . 0034 0 . 1726 

4 101010110010100110101100111101 0 . 6686 0 . 8378 

5 101101000011000110100001110001 0 . 7039 0 . 8160 



Fitn e ss 
0.99967 
0.00000 
0.00000 
0 .01197 
0 .00070 



Average Values ! 



0 .4217 0 .4904 0 .20247 



Average Function Value of Ccnoration = 
Maximum Function Value 



0.20247 
0.99967 



Number of Crossovers «■ &i 

Elitist Reproduction on Individual 



# 1 Binary Cod e 

1 000100010011001000100010100000 

2 100100010011001110100011100000 

3 001100000011001110100000100000 

4 000100000101011001001000010000 

5 001100010011001110100011100000 

Average Valu e s : 



tftfttttfttftfttftttttttfttfttfftt 




Paraml 


Param2 


Fitness 


0.0672 


0 . 0674 




.99967 


0 .5672 


0.8194 


-0- 


.00000 


0.1883 


0.8135 




.00006 


0.0638 


0 . 1411 




.00255 


0.1922 


0.8194 




. 00021 


0 .2157 


0.5321 




.20050 



Average Function Value of Generation ^ 0.20050 
Maximum Function Valu e = 0.99967 



Number of Crossovers - 
Elitist Reproduction on Individual 



tttftttftttttftftttftttttftttttftt Generation ttftftftttftfttttt tftftttttffttf tt 

# Binary Code Paraml Param2 Fitness 

1 000100010011001000100010100000 0 . 0672 0.0674 0.99967 

2 000100010101001001000000000000 0 . 0677 0 . 1250 0 . 04423 

3 000100010011001010100011100000 0 . 0672 0.3193 0.04237 

4 000100000011011000001000110000 0 . 0633 0 . 0171 0 .11419 

5 000100000101011000100000110000 0 . 0638 0 . 0640 0 . 98668 



Average Values ■ 



0 . 0658 0.1186 0.43743 



Average Function Value of Generation ^ 0.43743 
Maximum Function Value ■ 0.99967 



Numb e r of Crossov e rs *» -24r 

Elitist R e production on Individual 
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tttftttftftttftttttftttttftftttttt Gonoration ±±i 
# Binary Cod e 

1 oooioooioooioiioooioooioiioooo 

2 oooioooioooiooiooiioooioiooooo 

3 oooioooiooiiooioooioooioiooooo 
i oooioooioioiooiooiooooioiooooo 
5 oooiooooooiioiioooooooooiioooo 

Av e rage Valuoc i 



Average Function Value of Generation^- 0.40836 



ttftfttftttttttttttftttttftfftfttf 




Paraml 


Param2 


Fitneoo 


0.0667 


0.0679 


Q- 


.99915 


0 . 0667 


0 . 1924 


Q- 


.00564 


0.0672 


0. 0674 


Q- 


.99967 


0.0677 


0. 1299 


Q- 


.02218 


0 . 0633 


0.0015 


■G- 


.01517 


0.0663 


0. 0918 


•0- 


.40836 



Maximum Function Value 



0.99967 



Number of Croooovero 



£7- 



# Binary Cod e 

1 oooioooioooioiioooioooioiioooo 

2 oooioooiooiiooioooioooioiooooo 

3 oooioooioooioiioooioooioiooooo 

4 oooioooioooiooioooooooioiioooo 

5 oooiooooooiioiioooioooooiooooo 



Average Valuoc : 

Average Function Value of Generation^ 0.80174 
Maximum Function Value - 0.99976 



Wtttttttfttfttttttttttttttftf 




Paraml 


Param2 


Fitnooo 


0.0667 


0.0679 




.99915 


0.0672 


0. 0674 




. 99 967 


0.0667 


0.0674 




. 99976 


0.0667 


0.0054 




.02816 


0.0633 


0. 0635 




.98193 


0.0661 


0 . 0543 


3- 


.80174 



Number of Croooovero — ■ ^2- 

Elitiot Reproduction on Individual 



Mttffttttttffftttftttttfttffttt Generation m 
# Binary Cod e 

1 oooiooooooiioiioooioooioiooooo 

2 oooioooioooioiioooioooioiooooo 

3 oooioooiooiioiioooioooioiooooo 

4 oooioooiooiiooioooioooioiooooo 

5 oooioooiooiioiioooioooioiooooo 

Average Valuoc ! 



fttttttttffttfttftfttfttftfttttttf 
Paraml Param2 Fitn e ss 
0 . 0674 0 .99029 
0.99976 
0 . 99964 
0.99967 
0.99964 



0.0633 
0.0667 0.0674 



0.0671 
0.0671 



0.0674 
0.0674 



0.0672 0 . 0674 



0.0663 0.0674 0.99780 



Average Function Value of Generation^ 0.99780 
Maximum Function Valu e ° 0.99976 



Number of Croocovorc 



-9i 



%%%%%%% Roctart micro - population at generation «r3- 



#tttttttttttttttttttttttttftfttft Generation ±±4 
# Binary Cod e 



#ftftfttt tt tttftffttttttttftffttt 
Paraml Param2 Fitn e cs 





0001000100 0101100 010001010 0000 
00001001110110001100 0100111100 


3- 


.0667 
.0385 




s 0674 
,3847 




. 99976 
.00088 


2r- 


110110111010100101011011011011 




.8581 




.6786 




. 00816 
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1 01Q110001ieil inniinnnnniniim 1 0-3471 0.3778 0.00000 
5 011Q110100111 in ' innnninininn1 ' 1 1 0-4267 0.5207 0-00276 



Average Values; 



0.3474 0 . 4058 0 .20231 



Average Function Value of Generation- 0.20231 
Maximum Function Valu e - 0.99976 



Number of Crossovers * 
Elitiot Reproduction on Individual 



ttftftttttttfttttftttftttftftftftt Generation ^ 
# Binary Cod e 

1 liioioiiooioiioioiooioioioiiii 

2 oiioiooiooiioioiooooioioioooii 

3 oiooioiiooioiooiooooioiioiiiii 

4 oooioooioooioiioooioooioiooooo 

5 oooiiooiiooiioioioioooooiiiioo 

Average Values : 



tttfftfttftftftttfttttfttttfttttft 

Paraml Param2 Fitn e ss 

0 . 9187 0 .6460 0.00010 

Q . flllO Q . 5206 0 . 00094 

Q .2936 0 .5224 0 . 00324 

0 . 0667 0 . 0674 0 . 99976 

0 . 1000 0 .3143 0 . 03076 

0.3580 0 .4142 0 .20696 



Average Function Value of G e neration ^ 0.20696 
Maximum Function Value - 0.99976 



Number of Croccov e rs - ^ 

Elitiot Reproduction on Individual 



tttttttttttftttttftttttftftfttfttt Generation 
# Binary Cod e 

1 oooiiooiiooiooioooioooooiooooo 

2 oooooooioooiiooiooioioioiooioo 

3 ooiioooioooioiiiooioioioiooooi 

4 oooooooioooiooiiooioioiioiiiio 

5 oooioooioooioiioooioooioiooooo 

Average Valucc ; 



Average Function Value of Generation^ 0.2 8 149 
Maximum Function Value ■ 0.99976 



Number of Croccovers «■ ^ 

Elitiot Reproduction on Individual 



Paraml 


Param2 


Fitnooc 


-0- 


.0999 




.0635 




.40759 




. 0043 




.5831 




.00003 


Q- 


. 1917 


Q- 


.5831 




.00001 




. 0042 




.5849 


•0- 


. 00005 


& 


.0667 


& 


.0674 




.99976 


& 


. 0734 




.3764 




.28149 



tttfttttttfttfftftttttttfttttftftt Generation 
# Binary Cod e 

1 oooioooioooioiioooioooioiooooo 

2 oooioooioooioiooooioioioiooooo 

3 ooooiooioooiiooiooioooioiooooo 
i oooioooiiooiooioooioooioiooooo 
5 oooioooioooiooioooioooooiooooo 

Average Values ! 



Av e rage Function Value of G e neration ^ 0.76059 
Maximum Function Valu e ° 0.99976 



ttttttttttttftttttttttttfttttftttt 




Paraml 


Param2 


Fitness 


0.0667 


0.0674 




.99976 


0.0667 


0.0830 




.81463 


0.0355 


0 .5674 




.00000 


0 . 0686 


0.0674 




.99724 


0.0667 


0 .0635 




.99131 


0 . 0609 


0 .1697 




.76059 
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Number of Croooovero <■* &-3r 

Elitict Rcproduation on Individual 



# Binary Cod e 

1 000100010001000000101010100000 

2 000100011001011000100010100000 

3 oooioooioooioiioooioooioiooooo 

4 oooioooioooiooioooioooooiooooo 

5 oooioooioooiooioooioooioiooooo 

Average Values ! 



Average Function Value of Generation^ 0,96050 
Maximum Function Valu e ° 0.99976 



tfftfttttttftttffttttttftttfttfttf 




Paraml 


Param2 


Fitness 


0 .0667 


0.0830 




.81462 


0 .0687 


0.0674 




.99707 


0 .0667 


0.0674 


S- 


.99976 


0.0667 


0.0635 




.99131 


0 .0667 


0.0674 




.99975 


0 .0671 


0.0697 




.96050 



Number of Crossov e rs ** 

Elitict Reproduction on Individual & 



%%%%%%% Roctart micro - population at generation %%%%%%% 



##tftttffttttftt#tftffttttttttt Gen e ration ±i£ #####ftftttttttttttfttttttttt 

# Binary Code Paraml Param2 Fitness 

1 000100010001011000100010100000 0 . 0667 0 . 0674 0 . 99976 

2 011101101010100000000010000101 0.4635 0 . 0041 0 . 01153 

3 111111111100011101001100011101 0 . 9991 0 .6493 0 . 00071 

4 101110100010101101000100011100 0 . 7272 0 .6337 0 . 00011 

5 110010110011111001001110011101 0 • 7939 0 .1532 0 . 00000 



Average Valuoc ; 



0 . 6101 0.3015 0 .20242 



Average Function Value of Generation - 0.20242 
Maximum Function Valu e ° 0.99976 



Number of Crocoovoro * £-2 

Elitiot Reproduction on Individual 



# Binary Code 

1 001110010100011000001100010101 

2 011111111010011001001100001101 

3 010100011100011100101000111001 

4 oooioooioooioiioooioooioiooooo 

5 110110110001011001101100011001 
Average Valu e s ; 



tftttttfttftftWtftftttftffttt 




Paraml 


Param2 


Fitness 


0.2237 


0.0241 




.05406 


0.4986 


0 . 1488 




.00003 


0 .3194 


0.5799 




.00003 


0.0667 


0.0674 




.99976 


0.8558 


0 .2117 




.00608 


0.3929 


0 .2064 




.21199 



Average Function Value of Generation ^ 
Maximum Function Valu e 



0 .21199 
0.99976 



Number of Crossov e rs «■ -8-0- 

Elitist Reproduction on Individual 
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tt ttft tftfttfttttttftffttttftftttt Ccncration i2i ##tftftttttttftftftt ttttttttttft 

# Dinary Code Paraml Param2 Fitnooo 

1 001110010101011000001010010001 0-2240 0 . 0201 0 . 03914 

2 000100010001011000100010100000 0 . 0667 0.0674 0 .99976 

3 001100010001011000101000000001 0.1917 0.0782 0 .00447 

4 001100010101011000100000110100 0.1927 0.0641 0 .00600 

5 101110110000011000001100011001 0-7306 0.0242 0.00006 



Av e rage Valu e s : 



0 .2812 0.0508 0.20989 



Average Function Value of Generation** 0.20989 
Maximum Function Valu e - 0.99976 



Number of Crosoovcro « 
Elitiot Reproduction on Individual 



tttttffttfttftfttftftfftttftfttttt Generation ±2^ fttttf tfttfttftttttttfttftfttffftf 



# Dinary Code 

1 001110010101011000001010010100 

2 ooiioooioooioiioooioooionoioo 

3 ooinooioooioiioooioooioiooooo 

4 000100010101011000100010100000 

5 000100010001011000100010100000 



Paraml 
0 .2240 



0 . 0677 



Param2 
0.0201 



0.0674 
0.0674 



Fitnecc 
0.03946 



0 . 1917 0.0680 0.00494 



MOOS 



0.99915 



0 . 0667 0.0674 0.99976 



Average Valuco: 



0 . 1546 0.05 8 1 0.45667 



Average Function Value of Generation* 
Maximum Function Value 



0 . 4 5667 
0 .99976 



Numb e r of CroooovcrG 



^2- 



tttttfftfttttttfftttftfttftftftttt Generation ttttttftttfttftttttttfftttttttftft 



# Binary Cod e Paraml Param2 

1 000100010001011000100010100000 0 .0667 0 . 0674 

2 000100010101011000100010100000 0 . 0677 0 . 0674 

3 001110010101011000100010100000 0 .2240 0 . 0674 

4 000100010001011000100010100000 0 .06 6 7 0 . 0674 



Fitn e cc 
0.99976 
0.99915 
0 .2567 8 
0 .99976 



5 000100010101011000101010010100 0 .0 6 77 0 . 0 8 26 0 . 8 2173 



Av e rage Valuco : 



0 .0986 0 . 0704 0.81543 



Average Function Valu e of Generation ^ 0.81543 
Maximum Function Value = 0.99976 



Number of Croooov e rs 



%%%%%%% Rcotart micro - population at generation i5-3- %%%%%%% 



tftftfttfttffttttttftffttftttftttf Generation ±24- fttttttf tttttftf tttftfttftfttttttt 

# Binary Cod e Paraml Param2 Fitnecc 

1 000100010001011000100010100000 0 . 0667 0 . 0674 0 . 99976 

2 110100101000000001011101000011 0 . 8223 0 . 1817 0.00001 
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3- 


0001101111010 00101011000011111 
010100100010001100010001101010 




. 1086 
.3208 


3- 


.6728 
.5345 




.03662 
.00003 


&- 


01110 01101001110 0 0101110010111 


3- 


.4504 


O- 


.0905 


S- 


.31949 



Average Valucc : 



0.3538 0 .3094 0 .2711 8 



Average Function Value of Generation ^ 0.27118 
Maximum Function Valu e ■ 0.99976 



Number of Croccoverc = 3-2- 

Elitict Reproduction on Individual 



# Binary Cod e 

1 000100010001011000100010100000 

2 001100111100111101001110011111 

3 001100110100011000101010010001 

4 000110110101011100001010101110 

5 000100010001111000101110000011 



Average Valu e s : 



Average Function Value of Generation ^ 0.33655 
Maximum Function Valu e - 0.99976 



Number of Croooov e ro q 
Elitiot Reproduction on Individual 



# Binary Cod e 

1 000100010001111000101010100000 

2 000100110101011000100010110001 

3 oooioooioooioiioooioioioooooio 

4 000100010001111000100110000011 

5 000100010001011000100010100000 



tftfttftttftttttttfftffttffttffttt 




Paraml 


Param2 


Fitness 


0 . 0667 


0.0674 


•©- 


. 99976 


0.2024 


0.6533 


Q- 


.00677 


0.2003 


0 . 0826 


Q- 


. 01840 


0.1068 


0 . 5210 




. 00288 


0. 0669 


0 . 0899 




. 65492 


0.1286 


0 .2828 




.33655 



Average Valu e o: 



Average Function Value of Ccncration ° 0.90946 
Maximum Function Valu e «■ 0.99976 



Numb e r of Croccoverc *> m 

Elitist Reproduction on Individual 



fttttfttfttftttttttftttttfttftftft 




Paraml 


Param2 


Fitness 


0. 0669 


0.0830 




.81464 


0. 0755 


0.0679 




. 94203 


0. 0667 


0.0821 




.83340 


0 . 0669 


0.0743 




. 95748 


0 . 0667 


0.0674 




.99976 


0. 0686 


0 . 0749 


•0- 


. 90946 



# Binary Cod e 

1 000100010001111000100010100010 

2 000100010001011000100010100000 

3 000100010001011000101010100010 

4 000100010001011000100110100001 

5 000100010001011000100010100010 

Average Valu e s : 



tttttttttttttftttftttftttttttttttt 




Paraml 


Param2 


Fitness 


0.0669 


0 . 0674 




.99971 


0.0667 


0.0674 




.99976 


0.0667 


0.0831 


3- 


.81336 


0. 0667 


0.0752 




. 94670 


0. 0667 


0.0674 




. 99970 


0. 0668 


0 . 0721 


£■ 


.95184 



Average Function Value of G e n e ration *- 0.95184 
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Maximum Function Valu e 



0.99976 



Number of Croooovoro 



€-9- 



Restart micro - population at g e n e ration 



ttfttfftftttfttttf# ## ###tt# Gen e ration ±2£ ttftttttftttttftttfttftftfftfttttf 



# Binary Cod e 

1 000100010001011000100,010100000 

2 010100011111100100111011010001 

3 010101111110111001111101111001 

4 OOlOlllllOllOllOOlullOllllOlOl 

5 010110100010100111010101101100 



Paraml 
0.0667 
0.3202 
0 .3435 



Param2 
0.0674 
0.6158 
0.2459' 



Fitn e ss 
0 .99976 
0.00287 
0.00022 



0 .1864 0.1794 0.00000 
0 .3522 0.9174 0.00000 



Average Valucc : 



0.4052 



10057 



Average Function Value of Gen e ration 
Maximum Function Valu e 



0 .20057 
0 .99976 



Number of Crossovers = £-0- 

Elitist R e production on Individual 



tfftfttffttffttttffttftttffttttfft Gen e ration i^9 ttttttftfttttffttttftttftttttttttt 



# Binary Code Paraml 

1 000100011001111000110011000000 0 . 068 8 

2 000001111001011001110011100001 0 . 0296 

3 000101110101011000111111101001 0 . 09i2 

4 0001000100010110 00100010100000 0 . 0667 

5 000100011111110001111011010001 0.0703 



Param2 
0 . 0996 
0 . 2256 
0.1243 
0.0674 
0.2408 



Fitness 
0 .41629 
0 .09144 
0 .03026 
0 .99976 
0.59074 



Average Values i 



0.0653 0.1515 0.42570 



Av e rag e Function Value of Generation " 0.42570 
Maximum Function Valu e ° 0.99976 



Number of Croooovoro <=> 3-2 

Elitiot Reproduction on Individual 



tttttfttttttttftttftttftttfttftttt Generation ftftttfttfftfttftttftfftttttttfttt 



# Binary Cod e 

1 000100010111011001100010010001 

2 000100010001110001101010110001 

3 000100010001010001110010010000 

4 000100010001011000100010100000 

5 000100011001011000110010100000 



Paraml 
0.0682 



Param2 
0.1919 



Fitn e cc 
0 .00513 



0 .0668 0 .2085 0 .06531 

0.0667 0.2232 0 .24269 

0.0667 0.0674 

0.0687 0.0986 



0 .99976 
0 .43942 



Av e rage Valucc : 



0.0674 0.1579 0.35046 



Average Function Value of Generation - " 0.35046 
Maximum Function Value - 0.99976 



Numb e r of Crossov e rs -7-6- 
Elitist Reproduction on Individual 
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tfftfttfttttftttfttt t fttftttft tftt Generation ±£± tfttfttttttttftftttt tttftttftttt tt 



# Binary Code raraml Param2 Fitn e ss 

1 000100010001010000100010010000 0 .0667 0.0669 0.99999 

2 000100010001010000100010100000 0 .0667 0. 0674 0.99975 

3 000100010001011000100010100000 0 -0667 0. 0674 0 . 99976 

4 000100010001011001110010110000 0.0667 0.2241 0 .25951 

5 00010001100101100 0110010100000 0.0687 0. 0986 0.43942 



Average Values 



0 .0671 0.1049 0 . 73968 



Av e rage Function Value of Generation^ 0.73 968 
Maximum Function Valu e = 0.99999 



Number of Crossovers 



tfttttfttttfftttfttftffttftfftttft Generation ±3-2 
# Binary Cod e 

1 000100010001010000100010100000 

2 oooioooioooioiooooioooiooioooo 

3 oooioooiiooioiioooiiooiooooooo 

4 oooioooioooioiioooioooioiooooo 

5 oooioooioooioiooooioooiooioooo 



Paraml 
0 .0667 



Param2 
0 . 0674 



Fitness 
0.99975 



0 . 0667 0 . 0669 0 . 99999 

0 .0687 0 . 0977 0 . 46276 

0 .0667 0 . 0674 0 . 99976 

0 . 0667 0 . 0669 0 . 99999 



Av e rage Valu e s : 



0 . 0671 0 . 0732 0 .89245 



Average Function Value of Generation^ 0.89245 



Maximum Function Value 



0 . 99999 



Numb e r of Crossovers 



1% 



# Binary Code 

1 oooioooioooioiooooioooiooioooo 

2 oooioooioooioiooooioooiooioooo 

3 oooioooioooioiooooioooiooooooo 

4 oooioooioooioiioooioooioiooooo 

5 oooioooioooioiooooioooioiooooo 



Average Values ; 

Av e rage Function Value of Generation^ 0.99987 
Maximum Function Valu e = 0.99999 



tttfftfttftffttfttftttttftfttffttt 




Paraml 


Param2 


Fitness 


0.0667 


0.0669 


«- 


.99999 


0.0667 


0.0669 


3- 


.99999 


0.0667 


0.0664 


-0- 


.99985 


0.0667 


0.0674 


Q- 


.99976 


0 . 0667 


0 . 0674 


G- 


.99975 


0.0667 


0 . 0670 


3- 


. 99987 



Number of Crossovers 



33r 



%%%%%%% Restart micro - population at generation ±-£3- %%%%%%% 



fttttftttftftftfftfttftftftfttfttt Generation ±34 
# Binary Cod e 

1 oooioooioooioiooooioooiooioooo 

2 111110001010100001000100110100 

3 010010100011110000010011011100 



#tffttttttffttfftttfttfftftttfttt 

Paraml Param2 Fitn e ss 
0 . 0667 0 .0669 0 . 99999 



0.9713 
0 .2900 



0.1344 
0.0380 



0 . 00000 
0 .23019 
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4 010100011101111111010010101011 0 .3198 0. 9115 0 .00006 

5 001100001001001011111010000000 0 . 1897 0 . 4883 0 . 00074 



Average ValucG 



0.3675 0 .327 8 0.24620 



Average Function Value of Generation^ 0.24620 
Maximum Function Valu e = 0.99999 



Number of Crocooverc — 
Elitict R e production on Individual 



# Binary Cod e 

1 000100010001010000110010011100 

2 000100010001010000100 010010000 

3 ooiioooooooioooooiiiooiooioooo 

4 010100011101010111010010101000 



Average Valuec : 



Average Function Value of Conoration = 0.30219 
Maximum Function Valu e ° 0.99999 



Number of Crossovers * ^4 

Elitist Reproduction on Individual 



fttttttttfftttttttttttttftttttftft 




Paraml 


Param2 


Fitness 


0.0667 


0 . 0985 




.44350 


0 .0667 


0 . 0669 






0 .1877 


0.2232 




.00048 


0 .3197 


0 . 9114 




.00006 


0.0120 


0 . 0669 




. 06694 


0.1306 


0 .2734 




.30219 



# Binary Cod e 

1 000000010001010000100010011000 

2 000100010001010000100010010000 

3 000100010001010000100010011100 

4 000000110001010000110010010000 

5 000100010001010000110010010100 



Average Valuec ; 

Average Function Value of Generation^ 0.50063 



ftttftfttfttfttttttttttttttttttfft 




Paraml 


Param2 


Fitness 


0.0042 


0.0671 




.02371 


0.0667 


0.0669 




.99999 


0.0667 


0 .0673 




.99985 


0.0120 


0 .0981 




.03027 


0.0667 


0 .0983 




.44934 


0 . 0433 


0.0795 




.50063 



Maximum Function Value 



0 . 99999 



Numb e r of CroDCOvere 



fttfttfttftttftftftttttfftfttffttt Generation 4^ 
# Binary Cod e 

1 000100010001010000100010010000 

2 000100010001010000100010011100 

3 000100010001010000100010011000 

4 000100010001010000100010010100 

5 000100010001010000100010011100 

Average Valuoo : 



ftttfttfttttftttftttffttftftttftft 
Paraml Param2 Fitn e ss 
0 .0669 



0.0667 
0.0667 
0 . 0667 
0.0667 
0 . 0667 



0 .0673 
0.0671 
0.0670 
0.0673 



Averag e Function Value of Generation ^ 0.99991 
Maximum Function Valu e ■ 0.99999 



0 .99999 
0 .99985 
0.99992 
0.99996 
0.999 8 5 



0 . 0667 0.0671 0 . 99991 
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Number of Croccov e r s 



%%%%%%% Rootart micro - population at gonoration %%%%%%% 



ttttfttftttftttffttftfftftttttttft Gon o ration ±3* tttftttttt tf ftfttttftttftttttfftft 



# Binary Cod e 

1 oooioooioooioiooooioooiooioooo 

2 101001000111011110111011011111 

3 010000110101001010011011111100 

4 101101010011011111001101110100 

5 111111110000111111011000101100 

Average Valu e s ; 



Paraml 
0 .0667 
0 .6424 
0 .2630 
0 .7079 
0.9963 



Param2 
0.0669 
0.8662 
0.3046 
0.9020 
0.9232 



Fitness 
0.99999 
0.01105 
0.15539 
0.00007 
0 . 00000 



0 .5353 0 . 6126 0.23330 



Average Function Value of Concration" 0.23330 
Maximum Function Value - 0.99999 



Number of Crossovers — -23- 

Elitist Reproduction on Individual 



# Binary Cod e 

1 001100000101011110110011010110 

2 010100010001001010000011110100 

3 001001000111010100100010010100 

4 oooioooioooioiooooioooiooioooo 

5 000100010101010000001010110000 



Average Valu e s : 



Average Function Value of Conoration = 0.24287 
Maximum Function Value ■ 0.99999 



Number of Crossovers ~ -7-5- 

Elitist Reproduction on Individual 



tttfttfttfttftttftftttttttftttftft 




Paraml 


Param2 


Fitness 


0.1888 


0 .8503 




.00018 


0 .3167 


0 .2575 




.04855 


0.1424 


0.5670 




.00000 


0 . 0667 


0.0669 




.99999 


0.0677 


0.0210 




.16562 


0 .1565 


0.3525 




.24287 



fttttftttttffttffttfttfttttftftttt Concration 3h3hO ##ttfttttftfttfftttftffttttttftf 



# Binary Cod e Paraml Param2 

1 000100010101010000001010110000 0 . 0677 0 . 0210 

2 001100010101011000010010010010 0 .1927 0.0357 

3 000100010001010000101010110000 0 . 0667 0.0835 

4 000100010001010000100010010000 0 . 0667 0.0669 

5 010100010001011010000011110100 0.3168 0 .2575 



Fitn e ss 
0 .16562 
0 .00276 
0.80434 
0.99999 
0.04821 



Average Valu e s i 



0 .1421 0. 0929 0 .40418 



Average Function Value of Ccnoration ^ 0.40418 
Maximum Function Value ■ 0.99999 



Number of Crossovers 



£-7- 



tfttttftttttfttffftttftfttttttfttt C o ncration ±4i fttfftftftfffttftftttttfftttttfftf 
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# 



Paraml Param2 Fitncoo 



±- 


000100010001011010000011110100 
000100010001010000101010110000 


■0- 


.0667 
. 0667 




2575 
0835 




.83477 
.80434 


3- 


000100010001010000100010010000 


G- 


. 0667 




0669 




.99999 


a» 


000100010001010000100010010000 




.0667 




0669 




.99999 


4- 

&- 


000100010001010000101010110000 




.0667 




0835 




.80434 



Average Valu e s : 



0 . 0667 0.1116 0 .88868 



Average Function Value of Generation" 0.88868 
Maximum Function Value » 0.99999 



Number of Croccov e rc 



# ##tfft fttfftttttttfttftftttftt Ccneration ±43- tttftfttftfttttftftftftffttttfttft 

# Binary Cod e Paraml Param2 Fitncoo 

1 000100010001010000000011110100 0 . 0667 0 . 0074 0 . 03768 

2 000100010001010010100010010100 0 . 0667 0 .3170 0 .05596 

3 000100010001010000101010010000 0 . 0667 0.0825 0 .82473 

4 000100010001011000100011110100 0 . 0667 0 . 0699 0 .99250 

5 000100010001010000100010010000 0 . 0667 0 . 0669 0 .99999 



Av e rage Value c : 



0. 0667 0 . 1088 0 .58217 



Average Function Value of Generation ^ 0.58217 
Maximum Function Value ° 0.99999 



Number of Croocov e ro 



ftttttftftfttffttttfttfttftftftttt G e neration ±43- ftfttftttftftftfttff tftftf tttttttt 

# Binary Code Paraml Param2 Fitncoo 

1 000100010001010000100010010000 0 . 0667 0 . 0669 0 . 99999 

2 000100010001011000100010010100 0 . 0667 0 . 0670 0 . 99997 

3 000100010001011000100011110000 0.0667 0 . 0698 0.99307 

4 000100010001010000101010110000 0.0667 0 . 0835 0.80434 

5 000100010001010000100010010100 0 . 0667 0 . 0670 0 . 99996 



Average Valu e d 



0.0 66 7 0 . 0709 0.95946 



Average Function Value of Generation - 0.959 4 6 
Maximum Function Valu e « 0.99999 



Numb e r of Croocovero 



%%%%%%% Restart micro - population at .g e neration ±43- %%%%%%% 



tttttttfttttttftfttfttfttttftftftt Ccneration ±44 
# Binary Code 

1 000100010001010000100010010000 

2 110001001101000011011011010101 

3 100110000101111010001011101101 

4 101000110111001101110100011000 

5 011011111011011101101101000011 



fftttttffttttftftttttttttttttttftf 

Paraml Param2 Fitneoo 



0 . 0667 0 . 0669 

0 . 768 8 0 . 42 8 4 

0 .5952 0 . 2729 

0 . 6385 0 . 7273 

0 . 4364 0 . 7130 



0 .99999 
0 .00001 
0.00823 
0.00012 
0.00280 
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Av e rag e Valu e c : 



0.5011 0.4417 0 .20223 



Average Function Value of Ceneration - 0.20223 
Maximum Function Value - 0.99999 



Number of Croccovorc «■ 
Elitict Reproduction on Individual 



fttttttttttttttftfttfttttttttttttf Generation ±4& tfttttttfttftfftfttftttttftf fttttt 



# Binary Code 

1 000100010001010000100010010000 

2 010011110001010100100011000010 

3 100100010101111010001011001001 

4 000110010001011000100010110101 

5 010011000011011010001001000101 

Averag e Valu e s ! 



Paraml 
0.0667 
0.3089 
0 .5679 
0. 09 8 0 



Param2 
0.0669 
0.5684 
0.2718 
0.0680 



Fitnecc 
0 .99999 
0 .00000 
0 .00001 
0 .45542 



0.2977 0 .2677 0.24427 



0.2678 0 . 2486 0 .33994 



Average Function Value of Generation" 0.33994 
Maximum Function Valu e ° 0.99999 



Number of Crocoovere ** 
Elitiot Reproduction on Individual 



# Binary Cod e 

1 000100010001010000100010010000 

2 000011010011011010000010000001 

3 010111000011011000001011010101 

4 000100010001010000100010010101 

5 oioiooooooiionoioooioiioooooo 



Average Valu e c ! 



Average Function Value of Generation^ 0.54786 
Maximum Function Valu e ° 0.99999 



Number of Croooovcro «■ &$■ 

Elitiot Reproduction on Individual 



#tttt#tttttttftttt###tttttftt 




Paraml 


Param2 


Fitnecc 


0. 0667 


0.0669 




99999 


0. 0516 


0.2539 


-0-, 


67346 


0.3602 


0.0221 


3-r 


00000 


0 . 0667 


0.0670 


S-r 


99995 


0 .3133 


0.2715 


£-r 


06591 


0 . 1717 


0 . 1363 




54786 



# Binary Cod e 

1 000101010011010000000010010101 

2 000110010011011000100010000000 

3 000100010001010000100010010001 

4 000100010001010000100010010000 

5 000100010011010010101011000000 

Average Valuec ; 



Average Function Value of Generation * 
Maximum Function Valu e 



0.49370 
0.99999 



tttttfftttttftttttfttttttftttttttt 




Paraml 


Param2 


Fitnecc 


0.0828 


0.0045 


£- 


.02041 


0.0985 


0.0664 


£- 


.44417 


0.0667 


0.0669 




.99998 


0.0667 


0.0669 




.99999 


0.0672 


0.3340 




.00395 


0.0764 


0 .1078 


-9- 


.49370 



Number of Crocoov e re 
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Elitist Reproduction on Individual & 



ttftttfttftttftftt##tttttt ttft ft Generation AA& tt#fttttf tfttftttfttttttttttftftt 

# Binary Cod e Paraml Param2 Fitncoo 

1 00010 1010001010000100010 01 0101 0 . 0823 0 . 0670 0 . 82844 

2 000110010001011000100010010000 0 . 0980 0 . 0669 0.45592 

3 000100010001011000100010010000 0 . 0667 0 . 0669 0 .99999 

4 000100010001011000100010000000 0 . 0667 0 . 0664 0 . 99986 

5 000100010001010000100010010000 0 . 0667 0 . 0669 0 . 99999 



Average Valu e s ! 



0 .0761 0.0668 0.85684 



Av e rage Function Value of Generation^ 0.85684 
Maximum Function Valu e = 0.99999 



Numb e r of Crooooverc 



3A 



R e start micro - population at gen e ration i4r8- 



tttfttfttffttffttffttttffttftttttf Generation AA9- MtiMMMMMMM 

# Binary Cod e Paraml Param2 Fitnecc 

1 000100010001011000100010010000 0 . 0667 0 . 0669 0 . 99999 

2 100011010010011101101111011111 0 . 5514 0 . 7178 0 . 00000 

3 111111000011101010001110101110 0 . 9853 0 .2788 0 . 00047 

4 000101000010001011011101000100 0 . 07 8 6 0.431 8 0 .27929 

5 001000110000001111100011100011 0 . 136 8 0 . 9445 0 . 00000 



Average Values i 



0 . 3638 0 .4879 0 .25595 



Average Function Value of Generation ^ 0.25595 
Maximum Function Value ~ 0.99999 



Number of Crossovers «■ 3A 

Elitist Reproduction on Individual 



ttfttfttftfttftfftfttffttfftftftft Generation A&Q- fttftftf fttf fttf ftfttttfftftttftft 



# Binary Code 

1 100011010011011100101010010100 

2 000101000000001001100011000100 

3 000100000000011000101011010000 

4 100100000011001000001010100100 

5 000100010001011000100010010000 



Paraml 
0 .551 6 
0.0782 
0.0626 
0 .5633 



Param2 
0 . 5 8 27 



Fitness 
0 .00000 



0.1935 0 .00634 

0 . 0845 0 .77239 

0.0206 0 .00000 

0.0667 0.0669 0 .99999 



Average Values: 



0 .2645 0.1896 0 .35574 



Average Function Value of Concration = 
Maximum Function Valu e * 



0.35574 
0.99999 



Number of Croscovorc ~ -6-9 

Elitist Reproduction on Individual A 



fttftffttffttttfftftfttffttttffttf Generation ASA tttttftf fttttftftttftttftffttfttft 

# Binary Cod e Paraml Param2 Fitn e ss 
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-t- 


000100010001011000100010010000 
000100000 001011000100010010100 




.0667 
.0628 




.0669 
.0670 




. 999^3- 
.98769 


3- 


000101000 000011000101011010000 




. 0782 




.0845 




,70799 


3- 


000101010 000011001100010010 000 




.0821 




.1919 




.00425 


Ar~ 
&- 


10010000000101100010001000 0100 




.5629 




. 0665 




.00000 



Average Valu e s ; 



0.1706 0.0954 0 .53998 



Average Function Valu e of G e neration - 0.53 998 
Maximum Function Value ■ 0.99999 



Numb e r of Crossovers — W 

Elitict Reproduction on Individual 



##tttttftfttttftft tftftt tttttt f t Generation ±£2- tf tftttttttftftf fttttttf ftttftttft 

# Binary Code Paraml Param2 Fitncoo 

1 000100010000011001100010010000 0 . 0665 0 . 1919 0 .00510 

2 000100010001011000100010010000 0 • 0667 0.0669 0.99999 

3 000100010001011000100010010100 0.0667 0.0670 0.99997 

4 000100010001011000100010010100 0 . 0667 0. 0670 0 .99997 

5 000101010001011001100010010000 0 . 0824 0.1919 0 .00422 



Average Values 



0 . 0698 0.1169 0 .60185 



Average Function Value of Generation ^ 0.60185 
Maximum Function Valu e ° 0.99999 



Number of Crossovers 



%%%%%%% Rcotart micro - population at generation %%%%%%% 



tttttftftttttttftttttftftttttttttf Generation 4^ 
# Binary Cod e 

1 000100010001011000100010010000 

2 011101010010000010110011000111 

3 010010101001100010100000111100 
1 100100100101011001101101000001 
5 110101011000100010010101111110 

Av e rage Valu e s : 



Paraml Param2 Fitness 



0.0667 0.0669 

0 . 4575 0.3498 

0 . 2914 0.3143 

0 . 5716 0.2129 

0. 8 341 0.2929 



Average Function Value of Generation - 0.21118 
Maximum Function Valu e ° 0.99999 



Numb e r of Crossov e rs — ^ 

Elitist Reproduction on Individual 



0.99999 
0.00001 
0 . 03167 
0 .00001 
0 .02422 



0.4443 0 .2474 0 .21118 



#####tttftfftfttftftftttttftt Generation ±£4 
# Binary Cod e 

1 110100010001001000010111011100 

2 010010110001111000100010110000 

3 010100010000001000110011000001 

4 000100010001011000100010010000 

5 110001101001100010110000111100 



tttttfftfttftttfffttttttftfttttttt 

Paraml Param2 Fitness 
0.045 8 
0.0679 
0.0996 
0.0669 



0 . 8 167 
0.2934 
0 .3164 
0 . 0667 
0 .7758 



0.3456 



0 .02350 
0 .37844 
0 .02493 
0 .99999 
0 .00000 
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Average Valuoc ! 



0.4538 0 . 1252 0 .28537 



Average Function Value of Generation™ 0.2 8 537 
Maximum Function Value - 0.99999 



Number of Croccovorc ** 
Elitist Reproduction on Individual 



tttftffttttttttttfttfttftttftfttft Generation ±££ 
# Binary Cod e 

1 oooioooioooioiioooiiooiioooooo 

2 oooioooioooioiioooioooiooioooo 

3 lioiioiioooiooiooooooiioiiiioo 

4 oioiiooioooioiioooioooiooioooo 

5 010000010000111000100011010000 
Average Valuoc ! 



ttttttttttfttttffttfttftttfttftftf 
Paraml Param2 Fitn e ss 
0.0996 
0.0669 
0 . 0136 



0 . 0667 
0 . 0667 
0 . 8 55 8 
0.3480 
0 .2541 



0 . 0669 
0 . 0688 



Average Function Value of G e neration ^ 0.44589 
Maximum Function Valu e = 0.99999 



Number of Crossov e rs =• 3-0- 

Elitist Reproduction on Individual 



0 .41756 
0 .99999 
0 .00528 
0 .00005 
0 .80658 



0 .3183 0 . 0632 0 .44589 



##tftftffttttftftttttttftttfftft Generation 
# Binary Code 

1 oooioooioooioiioooioooiooioooo 

2 oioooooiooooooiooooooiiooioioo 

3 oooioooioooioiioooiiooiooooooo 

4 oioiioiioooiooioooiooiioiiiooo 

5 oooioooioooioiioooiiooiooioooo 



ftftttfttftfftttfttttftttffttttttt 

Paraml Param2 Fitness 
0. 0669 



0 .0667 
0 .2539 
0 . 0667 
0 .3558 
0 .0667 



0. 0123 
0 . 0977 
0.0759 
0. 0981 



0 .99999 
0 .05599 
0 .46401 
0 .00000 
0 .45226 



Average Values i 



0 . 1620 0 . 0702 0 .39445 



Average Function Value of Generation ^ 0.39445 
Maximum Function Value ■ 0.99999 



Number of Crossovers *> -7£ 

Elitist Reproduction on Individual 



# Binary Code 

1 000100010001001000110110010100 

2 oooooooioooioiioooiooiiooioooo 

3 oooioooioooioiioooiiooiooooooo 

4 000000010001011000100010010100 

5 oooioooioooioiioooioooiooioooo 

Average Valu e s : 



Average Function Value of Generation^ 0.35767 - 
Maximum Function Valu e ■ 0.99999 



tttttfttttfrtfttttfttftftttttttttf 




Paraml 


Param2 


Fitness 


0 . 0667 


0.1061 




.27783 


0.0042 


0 . 0747 


Q- 


. 02270 


0.0667 


0.0977 




. 46401 


0 . 0042 


0 . 0670 


Q- 


.02382 


0 . 0667 


0.0669 




.99999 


0 . 0417 


0.0825 




.35767 
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Number of Croocovers • ^ 

Elitiot Reproduction on Individual 



# Binary Cod e 

1 000100010001011000110010010000 

2 oooioooioooiooioooiiooiooooooo 

3 oooioooioooioiioooioooiooioooo 

4 oooooooioooionoooioooiooioooo 

5 oooioooioooioiioooiiooiooooooo 

Average Valued 



Average Function Value of G e neration^ 0.48082 
Maximum Function Value ° 0.99999 



ttttttttfttttftfttftfttttttrtttttt 




Paraml 


Param2 


Fitness 


0.0667 


0.0981 




45226 


0.0667 


0.0977 


"0~T 


46400 


0.0667 


0.0669 




99999 


0.0042 


0.0669 


"Or 


02382 


0.0667 


0.0977 




46401 


0.0542 


0.0855 




48082 



Number of Croocovers 



%%%%%%% Restart micro - population at generation 



ftttftttttfttttftftttttfttfttftftt Ccncration ±5S ttftttttttttfttttffttttftttf tttftt 



# Binary Cod e Paraml Param2 

1 000100010001011000100010010000 0 . 0667 0 . 0669 

2 011010001110011011010110000001 0 .4098 0 . 4180 

3 101011000010100111110000000111 0 . 6725 0 . 9690 

4 001010010100110001100110100000 0 . 1613 0 .2002 

5 101101101010110101011101010000 0 .7136 0 .6 8 21 



Fitn e ss 
0 . 99999 
0. 01066 
0.00000 
0.00000 
0.0007 6 



Average Valu e s i 



0 .4048 0.4673 0.20228 



Average Function Value of Generation * 
Maximum Function Value 



0 .20228 
0 . 99999 



Number of Crossovers *» 3-9- 

Elitist Reproduction on Individual 



# Binary Code 

1 000101100001011000100111010000 

2 001110010010011001100110000000 

3 011100010010011000000010000001 

4 101100111010011101000001010000 

5 oooioooioooioiioooioooiooioooo 



Average Valu e s; 



tttttttttttttttttttttttttttftffttt 




Paraml 


Param2 


Fitness 


0 .0863 


0.0767 




.68880 


0 .2232 


0.1992 




.00463 


0 .4420 


0 . 0039 




.00986 


0 .7018 


0.6275 




.00377 


0.0667 


0 . 0669 




.99999 


0 .3040 


0 . 1948 




.34141 



Average Function Value of Gonorationr- 
Maximum Function Value 



0.34141 
0.99999 



Number of Crossovers — 

Elitist R e production on Individual Ar 



tttttffttttttftttfttftfttftttftttt Generation ±£± tttttttttftttftftffttftfttttttftft 
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# Binary Cod e 

1 000100010011011001100010000000 

2 000101100001011000100010010000 

3 011101110000011000000110010000 

4 000100010001011000100010010000 

5 oooioooioooooiioooooooiooooooo 



Av e rage Values ! 

Average Function Value of Generation ^ 0.36065 



Paraml 


Param2 


Fitnecc 


n 


c\tzm 


n 


1 Ql yl 


n 






.0863 




.0669 


Q- 


.74257 




.4649 




.0122 


Q~ 


.03347 




.0667 




.0669 


O- 


.99999 




.0665 




.0039 




.02263 


4- 


.1503 


■0- 


.0683 




.36065 



Maximum Function Valu e 



0.99999 



Number of CrocGOv e rc 



# Binary Code 

1 000100100001011000100010010000 

2 000101100001011000100010010000 

3 oooioooioooioiioooioooiooioooo 

4 011101100001011000000110010000 



Averag e Valu e s ; 



Average Function Value of Generation ^ 0.55773 
Maximum Function Valu e ■ 0.99999 



Number of Croooovero ~ ^ 

Elitiot Reproduction on Individual 



fttttttftftftttttttttttftttftttttt 




Paraml 


Param2 


Fitnecc 


0.0707 


0.0669 




.98876 


0 . 0863 


0.0669 




.74257 


0.0667 


0.0669 




.99999 


0 .4613 


0.0122 


Q- 


.03469 


0 . 0665 


0.0039 




. 02263 


0.1503 


0.0434 




.55773 



# Binary Cod e 

1 000100000001011000100010010000 

2 000100110001011000100010010000 

3 010101100001011000000110010000 

4 000100100001011000100010010000 

5 oooioooioooioiioooioooiooioooo 

Average Valuoc ! 



ttttfttfttfttftttttfttfttttftfttft 




Paraml 


Param2 


Fitnecc 


0.0628 


0.0669 




98771 


0.0746 


0.0669 




95472 


0.3363 


0.0122 


-0-r 


00016 


0.0707 


0.0669 




98876 


0 .0667 


0.0669 




99999 


0 .1222 


0.0560 




78627 



Average Function Value of Generation^ 0.78627 
Maximum Function Valu e ° 0.99999 



Numb e r of Croeooverc 



%%%%%%% Reotart micro - population at generation ^6-3- %%%%%%% 



##fffttfftftftttfttttfftfttftftf Generation ±64 tttttttf ftfttttfftttttttfttfttftft 



# Binary Code 

1 oooioooioooioiioooioooiooioooo 

2 111000110101011111111101001111 

3 110111101110101010110011010111 

4 100011110000011110111000101110 

5 110010011000110111101110110111 



Paraml 
0 .0667 



Param2 
0. 0669 



Fitnecc 
0.99999 



0.8881 0. 9946 0.00004 

0 .8708 0.3503 0 .00000 

0 .5587 0.8608 0 . 00000 

0 .7873 0. 9666 0 .00000 
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Average Values; 



0.6343 0.6478 0 .20001 



Average Function Value of Generation^ 0.20001 
Maximum Function Valu e ° 0.99999 



Number of Crossov e rs » &2r 

Elitist Reproduction on Individual 



ttftfttttttftffttttfttftfttfttfttf Generation tftftttttf tttttttftttttttttttttttt 

# Binary Code Paraml Param2 Fitness 

1 111001101111001111110011001111 0 .9022 0 . 9751 0.00000 

2 101100010001011000101111010100 0 .6918 0 . 0924 0 . 03626 

3 110100111111001000110010010000 0.8279 0 . 0981 0 .02402 

4 000100000000111010100011010001 0 • 0627 0.31 8 9 0 .04426 

5 000100010001011000100010010000 0 . 0667 0.0669 0 .99999 



Averag e Valu e s : 



0 .5103 0.3103 0 .22091 



Average Function Value of Generation ^ 
Maximum Function Valu e 



0 .22091 
0 . 99999 



Number of Crossovers — €^ 

Elitist Reproduction on Individual 



# Binary Cod e 

1 000100010000011010100010010001 

2 000100010001011000100010010000 

3 000100010000111010100011010000 

4 001100010000111000100111010001 

5 000100111001011000100010010000 

Average Values ! 



Average Function Value of Generation ^ 0.40715 
Maximum Function Valu e ° 0.99999 



Number of Crossovers — -24 

Elitist Reproduction on Individual 



###ftfttttftfftftttttfttffttttt 




Paraml 


Param2 


Fitness 


0 . 0665 


0.3169 


Q- 


.05655 


0 .0667 


0.0669 


Q- 


.99999 


0 .0666 


0.3189 


Q- 


.04501 


0.1916 


0.0767 




.00447 


0.0765 


0.0669 


3- 


.92975 


0 .0936 


0.1693 


Q- 


.40715 



# Binary Cod e 

1 000100110001011000100010010000 

2 000100010000011010100010010001 

3 oooiooiioooionoooioooiooioooo 

4 000100010000111000100010010000 

5 000100010001011000100010010000 

Average Values : 



tttttftttftttttftttttttttttttttttt 




Paraml 


Param2 


Fitness 


0.0746 


0.0669 




.95472 


0.0665 


0.3169 


Q~, 


.05655 


0.0746 


0.0669 




.95472 


0.0666 


0.0669 




.99996 


0.0667 


0. 0669 


£- 


.99999 


0.0698 


0.1169 


£- 


.79319 



Average Function Value of Gen e ration^- 
Maximum Function Valu e 



0.79319 
0.99999 
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Numb e r of Croooov e rs ~ £3- 

%%%%%%% RcGtart micro - population at generation Ir&Z- %%%%%%% 



# Binary Cod e 

1 000100010001011000100010010000 

2 010000011111001000100100111010 

3 100011110010101010110001101011 

4 101110001000100001010110101101 

5 omoiiooiiooiioiooiiiiiiioioo 

Average Valu e s : 

Average Function Value of Ccnoration° 0.37306 
Maximum Function Value ° 0.99999 



tffttfttftttttftttfttftttttttttttt 




Paraml 


Param2 


Fitneoc 


0.0667 


0. 0669 




99999 


0 .2576 


0. 0721 




81793 


0.5593 


0.3470 




00000 


0.7208 


0.1693 




00000 


0 .4625 


0.3121 




04740 


0 .4134 


0.1935 


■Q-r 


37306 



Number of CroGCOv e rs ** 
Elitict Reproduction on Individual 



fttftffttftfttfttftftffftffttffttt Generation ±£S ftftttttfttftftftttttttfftfttf tttf . 

# Binary Cod e Paraml Param2 FitneoG 

1 011101111110011010000101110000 0 . 4684 0.2612 0 .39336 

2 001101010100011010101010010000 0 .2081 0 . 3325 0 .00033 

3 010000011011001000100000010010 0 . 2566 0 . 0631 0 . 8 2055 

4 001110010000000000100010111101 0 .2227 0 .0683 0.23412 

5 000100010001011000100010010000 0 . 06 6 7 0 . 0669 0 . 99999 

Averag e Valueo: 0 . 2445 0 . 1584 0 .48967 

Average Function Value of Generation^ 0.48967 

Maximum Function Valu e ° 0.99999 



Number of CroGCOv e rs — &8 

ElitiGt Reproduction on Individual 



# Binary Code 

1 010101010001011000000011110000 

2 010100011001001000100000010000 

3 000100010001011000100010010000 

4 011100111110011000100001110000 

5 ooiiiooiooooooooooioooioomoo 



Average Valuec : 

Average Function Value of Generation ^ 0.35776 
Maximum Function Valu e ° 0.99999 



Number of Croooovcro 7-Q 
Elitict R e production on Individual 



tttttffttttttttttftttttftttttfftft 




Paraml 


Param2 


Fitnooo 


0.3324 


0.0073 




.00020 


0.3186 


0.0630 




.04567 


0 . 0667 


0.0669 




.99999 


0.4527 


0.0659 




.50846 


0.2227 


0.0673 




.23446 


0.2786 


0 . 0541 




.35776 



fttttftfttftttftfttttftftttffttttf Conoration Wi tttfttttfttffttttttftffttftttftftt 
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# Binary Cod e 

1 000100010001011000100010010000 

2 001100010001011000100010010000 

3 oioioooiiiiioiioooioooiinoooo 

4 oioioooiiooionoooioooiooioooo 

5 oiiioooioiooooooooioooioiiiooo 

Average Valu e o : 



Average Function Value of Generation ^ 0.30519 
Maximum Function Valu e ° 0.99999 



Number of Croocovers «■ 3-9- 

Elitict Reproduction on Individual 



Paraml 


Param2 


Fitneoo 


0 


0667 


-0_ 


0669 


-0- 


, 99999 




.1917 




. 0669 




.00494 


3- 


.3202 




.0698 


-0- 


.03793 




.3187 




.0669 




.04586 




.4424 




.0681 


3- 


.43721 


•0. 


.2680 




. 0677 




.30519 



tftttttttftftttftttfftftttfttttttt Generation ^ M tttftttttttttfttfttftftf W 



# Binary Cod e Paraml 

1 001100010000010000100010111000 0 . 1915 

2 011100011000000000100010110000 

3 000100010111011000100011110000 0 . 0682 

4 000100010001011000100010010000 0 . 0667 

5 000100011011011000100010110000 0 • 0692 



Param2 
0. 0681 



0 . 0698 
0. 0669 
0. 0679 



Fitneoo 
0.00466 



0 . 4434 0 . 0679 0 .44695 



0.99162 
0.99999 
0 . 99488 



Average Valu e s r 



0 . 1678 0 . 0681 0 . 68762 



Average Function Value of Generation ^ 0.68762 
Maximum Function Valu e - 0.99999 



Number of Crocoovoro ~ -7-2 

Elitiot Reproduction on Individual 



# Binary Cod e 

1 000100010111011000100010110000 

2 000100010111011000100011010000 

3 000100011001011000100010110000 

4 000100010001011000100010010000 

5 000100010111011000100010010000 

Average ValucG: 

Average Function Value of G e neration - 0.99761 



Maximum Function Valu e 



0.99999 



ftttttttttttftttttttttffftfttftttt 




Paraml 


Param2 


Fitneoo 


0 .0682 


0. 0679 




.99769 


0.0682 


0. 0688 




. 99539 


0.0687 


0 . 0679 




.99647 


0.0667 


0.0669 




.99999 


0.0682 


0.0669 




.99853 


0.0680 


0.0677 




.99761 



Number of Croooovorc 



ttttttMtttttftttftttttttttttttt Generation «4 
# Binary Cod e 

1 oooioooiooiionoooioooiooioooo 

2 000100010001011000100010010000 

3 000100010011011000100010010000 
1 000100011111011000100010110000 
5 000100011001011000100010010000 

Av e rage Valueo : 



tttttttftttftttttttttftfttttttttft 




Paraml 


Param2 


Fitneoo 


0.0672 


0.0669 




.99987 


0 .0667 


0.0669 




.99999 


0 .0672 


0.0669 




.99987 


0 .0702 


0.0679 




.99061 


0 .0687 


0.0669 




.99730 


0 .0680 


0 .0671 




.99753 



http://www.cuaoro s paco.com/carrol l /go/ga.out (52 of 6 4 ) [6/26/2001 4 :58:32 PM] 



http://\Aww.cuQcroopocc.com/corro ll /go/ga.out 



Average Function Valu e of G e neration^ 0.99753 
Maximum Function Valu e ° 0.99999 



Number of Croooovcro * ^ 

Elitist Reproduction on Individual -3- 



%%%%%%% Roctart micro - population at generation 



ttttfttttttttftttttttttttttftffttt Generation 
# Binary Cod e 

1 oooioooioooioiioooioooiooioooo 

2 looiooooooioooiioiiooiiiiooiii 

3 oooooiiooooooiooiooooiioooioio 

4 loiiiiooiioiiioooiooioioioiooi 

5 oioiooiiiiooioooooooioooioiiii 

Average Values : 



tffttttttttffttttttttttttttttffttt 

Paraml Param2 Fitn e ss 

0 . 0667 0 . 0669 0 . 99999 

0 . 5630 0 .7024 0 . 00000 

0 . 0235 0 .2620 0 . 17312 

0 . 737 8 0 . 1458 0 . 00000 

0 . 3273 0 . 0171 0 . 00157 



0.3437 0.2388 



>3494 



Averag e Function Value of Generation^ 0.23 4 94 
Maximum Function Value ° 0.99999 



Number of Crosoovorc «■ 7-8- 

Elitist Reproduction on Individual 



##ttftftfttfftfttftffttftttttfft Generation 
# Binary Cod e 

1 101101000001011000001010010001 

2 oooooioooooooioooooooiiooiiooo 

3 oioooiiooiooiiooioooioooioioii 

1 010100111101111000000000010110 

5 oooioooioooioiioooioooiooioooo 

Average Values ! 



##tttttttfttfttttttttttttttftftf 
■ Paraml Param2 Fitn e ss 
0.0201 
0.0125 
0 . 2669 
0.0007 
0.0669 



0.7035 
0.0157 
0.2746 
0 . 3276 
0.0667 



0 .00348 
0.00703 
0 .61912 
0 .00017 
0 .99999 



0.2776 0.0734 0 .32596 



Average Function Value of Generation^ 0.32596 
Maximum Function Value - 0.99999 



Number of Crossovers « 
Elitist Reproduction . on Individual 



ttfttfttttfttftttftttttfftfttfttft Generation W 
# Binary Cod e 

1 010001110000110010101010001000 

2 oooioioioooioiooooiooiiooioooo 

3 oooooiooooooiiooioooioooooioii 
i oooioooioooioiioooioooiooioooo 
5 oooooioooooooiooooooiiioioioii 

Average Values ! 



Average Function Value of Generation" 0.3 8160 
Maximum Function Valu e ° 0.99999 



fflttttttttttftttfttfttfttftttt 




Paraml 


Param2 


Fitness 


0 .2775 


0.3323 




.00390 


0 .0823 


0.0747 




.78949 


0.0158 


0.2660 


£- 


.08468 


0.0667 


0 . 0669 


■Q- 


.99999 


0. 0157 


0.0287 


•0- 


.02993 




0.1537 


•0- 


.38160 
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Number of Crocoov e r s *» ^ 

Elitiot Reproduction on Individual 



###tf#tftttttttttttffttttftttf Generation 
# Binary Cod e 

1 oooioooioooioiioooioooiooioooo 

2 oooioioioooioiioooiooiiooioooo 

3 oooioioioooioiioooioooiooioooo 
i oooioooioooioiioooiooiiooioooo 
5 oooooioioooioiooooiooiiooiiooo 



Average Valu e s : 

Average Function Value of Generation - 0.71234 
Maximum Function Valu e - 0.99999 



ftttfttttttftttftfttttttftttftttft 




Paraml 


Param2 


Fitnecc 


0. 0667 


0 . 0669 




r^9£S 


0 . 0824 


0. 0747 




.78890 


0 . 0824 


0.0669 




,82785 


0 . 0667 


0.0747 




.95295 


0 . 0198 


0. 0750 


0- 


.14202 


0.0636 


0 . 0716 


Q-. 


,74234 



Number of Crossov e rs 



■9^ 



%%%%%%% Rcotart micro - population at generation %%%%%%% 



# Binary Cod e 

1 oooioooioooioiioooioooiooioooo 

2 101110110010011100101100100010 

3 111100011111101011011110111101 

4 001100011110110111011111001110 

5 101011111000010001101000010101 

Average Values; 



Average Function Value of Ccnoration = 
Maximum Function Valu e 



0 .20065 
0.99999 



fttttftftttftftttftttftttttrttfttt 




Paraml 


Param2 


Fitnecc 


0 .0667 


0.0669 




99999 


0 .7311 


0.5870 




00000 


0 .9452 


0 . 4355 




00000 


0 .1950 


0.9360 




00000 


0 .6856 


0.2038 




00328 


0 .5247 


0.4458 


"0 r 


20065 



Number of Croocov e re • W 

Elitict Reproduction on Individual 



# Binary Code 

1 oooioooioooioiioooioooiooioooo 

2 000110011000011001101000010101 

3 101011110000011000101100110010 

4 001100011101110100111111000010 

5 100110010011011100101110000000 

Average ValueG t 



Average Function Value of Generation" 0.21752 
Maximum Function Valu e - 0.99999 



##ttttttfttttfttfttfttftftttftft 




Paraml 


Param2 


Fitness 


0 .0667 


0 . 0669 




. 99999 


0 .0997 


0 .2038 




. 01514 


0 .6837 


0 . 0875 




.07134 


0 .1948 


0.6231 




.00103 


0 .5985 


0 .5899 




.00008 


0 .3287 


0.3142 




.21752 



Number of Croccov e rs «■ -&i 

Elitict Reproduction on Individual 
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tftttftttftftttttttfftfttftffttttf Generation ±£± 
# Binary Cod e 

1 101110110000011000100110010000 

2 101111010000011000101100010101 

3 101100110001011000100110010000 

4 oooioooioooioiioooioooiooioooo 

5 001011111000011001101100010111 



tftfttfttttftffttttttffttttttffttt 

Paraml Param2 Fitn e ss 

0.7306 0.0747 

0.7384 0.0 8 66 

0 .6996 0.0747 

0 . 0667 0. 0669 

0.1856 0.2116 



0 . 00027 
0.00002 
0.03146 
0.99999 
0.00010 



Average Values ; 



0.4842 0.1029 0.20637 



Average Function Value of Conorationr 
Maximum Function Valu e 



0.20637 
0.99999 



Number of CroocovGro — 
Elitiot Reproduction on Individual 



Wtttftfttftftttttftttttftttft Generation ±%2 
# Binary Cod e 

1 100110110000011000100010010000 

2 oooioooioooioiioooioooiooioooo 

3 001110010001011000100110010000 

4 101100010001011000100110010000 

5 ooiioooioooioiioooiooiiooioooo 

Av e rage Valu e s ; 



Average Function Value of Generation^ 
Maximum Function Value 



0 .26513 
0.99999 



tttttftttffttfftttttttttttttftfttt 




Paraml 


Param2 


Fitnecc 


0.6056 


0.0669 




.03395 


0.0667 


0.0669 




.99999 


0.2230 


0.0747 




.22881 


0.6918 


0.0747 




.05821 


0. 1917 


0.0747 


& 


. 00471 


0 .3558 


0.0716 


& 


.26513 



Number of CroDCOvorc «- 
Elitist Reproduction on Individual 



# Binary Cod e 

1 100100010001011000100010010000 

2 101100010001011000100010010000 

3 oooioooioooioiioooiooiiooioooo 

4 100110010000011000100010010000 

5 oooioooioooioiioooioooiooioooo 

Average Valu e s ! 



Averag e Function Value of G e neration ** 0.40576 
Maximum Function Valu e ■ 0.99999 



tttfttfttttttfftttftttfttttfttttft 




Paraml 


Param2 


Fitness 


0 .5668 


0.0669 




.00000 


0.6918 


0.0669 


%- 


.06108 


0 .0667 


0.0747 




.95295 


0.5978 


0.0669 




.01479 


0.0667 


0.0669 




.99999 


0.3980 


0.0685 




.40576 



Numb e r of Crossovers 



%%%%%%% Restart micro - population at generation %%%%%%% 



#tttttftttffttt fttt ttttfttttttttt Generation ^84- 
# Binary Cod e 

1 oooioooioooioiioooioooiooioooo 

2 010011010010010011000001100011 

3 011100011111111000010101100011 



Paraml Param2 Fitness 
0 . 0667 0.0669 0 . 99999 



0 .3013 
0.4453 



0.3780 
0.0421 



0 . 00006 
0 .28544 



http://www.cuaoro G paco.com/carro l l/ga/ga.out (55 of 6 4 ) [6/26/2001 4 :58:32 PM] 



http://www.cuQoroopaco.com/carroll/gQ/ga.out 

4 111010110011101101001110110000 

5 lioiooioooiioiooooiioioioooioo 

Average Values:- 



0 . 9189 
0 . 8211 



Average Function Value of Generation" 
Maximum Function Value 



0 .6538 
0.1036 



0 .00010 
0.01351 



0,5107 0 .24 8 9 0 .25982 



0 .259 8 2 
0 . 99999 



Number of Crossovers = 
Elitist Reproduction on Individual 



ttttfttftftfttttttttttttttttttfttt Generation 
# Binary Cod e 

1 oooioooioooiiiioooioooiiioooii 

2 oooioooioioiiiioooioooiioiooio 

3 oooioooioooioiioooioooiooioooo 

4 oooioooiiiiiiiiooooioiiioiooio 

5 ooiioooiiiiiiiioooioooiioooooo 



Average Valuec ; 

Average Function Value of Generation ^ 0.73 829 
Maximum Function Valu e = 0.99999 



ttttMtttttttftttttttttttttftttt 




Paraml 


Param2 


Fitness 


0 . 0669 


0 .0694 




.99478 


0 . 0678 


0 . 0689 




. 99587 


0 . 0667 


0 . 0669 






0. 0703 


0.0455 




.69099 


0.1953 


0 . 0684 




.00980 


0.0934 


0.0638 




.73829 



Number of Crossovers = ^ 

Elitist Reproduction on Individual 



# Binary Cod e 

1 000100010001111000100010110010 

2 oooioooioooioiioooioooiioioooo 

3 oooioooioooioiioooioooiooioooo 

4 oooioooioioimoooioooiooiooio 

5 oooioooioooiiiioooioooiioiooio 



Average Values ; 

Average Function Value of Generation- 0.99 8 35 



Maximum Function Value 



0 .99999 



ttftttttftttftfttfftftfttttttttttf 




Paraml 


Param2 


Fitness 


0.0669 


0.0679 


£- 


,99906 


0 . 0667 


0 . 0688 


S- 


.99684 


0.0667 


0 . 0669 


S- 


.99999 


0.0678 


0.0670 


S- 


.99920 


0.0669 


0.0689 




,99666 


0.0670 


0 . 0679 




=-9-9-8-3-5 



Number of Crossov e rs 



# Binary Cod e 

1 000100010001111000100010010010 

2 oooioooioooiiiioooioooiooiooio 

3 oooioooioooiiiioooioooiooiooio 

4 oooioooioooioiioooioooiooioooo 

5 oooioooiooomioooioooiooioooo 

Average Values ; 



Averag e Function Value of Ccncration= 0.99999 
Maximum Function Valu e ° 1.00000 



tttttftftfftfttttttftftttffttttttt 




Paraml 


Param2 


Fitness 


0.0669 


0 . 0670 




:99999 


0 . 0669 


0.0670 




r^^9 


0 . 0669 


0.0670 




.99999 


0.0667 


0 . 0669 




.99999 


0 . 0669 


0 . 0669 




.00000 


0 . 0668 


0.0669 


3- 


.99999 
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Number of Croccov e rs — 

%%%%%%% Rcotart micro population at generation iS^ %%%%%%% 

fttfttfttttttftftttttfttftftfttfft Generation tttftftttftftttfftftttfffttttttttt 

# Binary Cod e Paraml Param2 Fitn e cc 





0 00100010001111000100010010000 
10011110 0001010000011000011100 




.0669 
.6175 




.0669 
.0477 




.00000 
.06327 




001100010011100001001001010101 




.1923 




.1432 




.00001 




111000011010010001111000110100 




.8814 




.2360 




.01339 


5- 


100000111101111101010000110100 


0. 


.5151 




.6579 




.00531 



Average Valu e o ; 0.4546 0.2303 0 .21639 

Average Function Value of Generation^ 0.21639 
Maximum Function Valu e ° 1.00000 



Numb e r of Crocsov e rs ** 3A 

Elitict Reproduction on Individual & 



tttftfttftfttttttttftftttfWtt Generation tfttffftfttftttf tftftftf fttttftftt 

# Binary Code Paraml Param2 Fitnecc 

1 000100111101111000110000110000 0 . 0776 0 . 0952 0 .47851 

2 000101000001010000111010011100 0 . 07 8 4 0 . 1141 0 . 130 8 4 

3 100110010001110000101010010100 0 . 59 8 1 0 . 0 8 26 0 . 01266 

4 100110111001011101010000110100 0 . 607 8 0 . 6579 0 .00904 

5 000100010001111000100010010000 0 . 0669 0 . 0669 1 . 00000 

Averag e Valu e d 0 .2858 0 .2034 0 .32621 

Average Function Value of Generation^ 0.32621 
Maximum Function Valu e = 1.00000 



Number of Croccov e rc «- -9-i 

Elitict Reproduction on Individual 3- 



ttfttttfttttttttfttffftffttttftfft Generation Wtftttttftfttttttttttttttttft 

# Binary Cod e Paraml Param2 Fitn e cc 

1 000101010001110000111010011000 0.0825 0 .1140 0 .12136 

2 000100010001111000100010010000 0 . 0669 0 . 0669 1 .00000 

3 000110010001110000101010010100 0.0981 0.0826 0 .37307 

4 000100010001111000110000110000 0 . 0669 0 . 0952 0 .52378 

5 000100010001111000110010110000 0 . 0669 0 . 0991 0 .42903 

Averag e Valuec r 0 . 0762 0 . 0916 0 .48945 

Averag e Function Value of Generation" 0.48945 

Maximum Function Value «■ 1.00000 



Numb e r of Croccov e rc SO- 
Elitict Reproduction on Individual 4- 
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ttfttttftftttttttfttfttftttttfftft Generation ±Si 
# Binary Cod e 

1 000100010001111000110010110000 

2 000110010001110000101010010000 

3 000100010001111000110010110000 

1 oooioooioooiiiioooioooiooioooo 
5 oooioooioooiiiioooiiooooiioooo 



Paraml Param2 Fitness 

0 . 0669 0 . 0991 0 .42903 

0 . 09 8 1 0 . 0825 0.37420 

0 . 0669 0 . 0991 0 . 42903 

0 . 0669 0 . 0669 1 .00000 

0.0669 0 . 0952 0 .52378 



Averag e Valu e s ! 



0 . 0731 0. 0886 0.55121 



Average Function Value of Ccnoration« 0.55121 
Maximum Function Valu e = 1.00000 



Numb e r of Crossov e rs 



£-2 



# Binary Cod e 

1 000100010001111000110010010000 

2 oooioooioooiiiioooiioooooioooo 

3 oooioooioooiiiioooioooiooioooo 

4 000100010001111000110010110000 



Average Values ! 



Average Function Value of Generation^ 0.57167 
Maximum Function Value ° 1.00000 



ttttttttfttttttftttttfttftttftttft 




Paraml 


Param2 


Fitneco 


0 .0669 


0.0981 


Q- 


.45226 


0 .0669 


0. 0942 


Q- 


.54802 


0 . 0669 


0.0669 


i- 


.00000 


0.0669 


0.0991 




.42903 


0.0669 


0.0991 


■0- 


.42903 


0.0669 


0. 0915 


£■ 


.57167 



Numb e r of Croocov e rs 



%%%%%%% Restart micro - population at generation %%%%%%% 



# Binary Cod e 

1 oooioooioooiiiioooioooiooioooo 

2 111111110011001000011000101011 

3 111111111011010100001010001101 

4 110001010110101000010111100111 

5 001101011110011000001010111011 

Average Valuoc ; 



Average Function Value of Generation ^ 0.20319 
Maximum Function Valu e - 1.00000 



Numb e r of Crossovers « 
Elitist Reproduction on Individual 



ttttttttttttttttttttttfttttftttttt 




Paraml 


Param2 


Fitnecc 


0 .0669 


0.0669 




.00000 


0 .9969 


0.0482 




.00197 


0 .9989 


0.5199 




.00004 


0 .7712 


0 . 0461 




.00004 


0.2105 


0.0213 




.01389 


0.6089 


0. 1405 


Q- 


.20319 



fttftftttfttttftttfffttttfftfttfft Generation iS4- 
# Binary Code 

1 010001010111101000100111100010 

2 oooioooioooiiiioooioooiooioooo 

3 101001011110101000010111101011 

4 000100110011001000101000101001 



tfttfttftftttfttttttttttttftftfttt 

Paraml Param2 Fitness 
0 .2714 0 . 0772 0 .72539 
0 .0669 0 . 0669 



0 .6481 0 . 0462 



0 . 0750 0 .0794 



1 .00000 
0 .15940 
0 .83999 



http://wvvw.cuaoroopaco.com/carro ll /gayga.out (58 of 6 4 ) [6/26/2001 4 :58:32 PM] 



http://www.cuaGroDpQco.com/carro l l/ga/ga.out 
5 001111110011101000010010100001 0.2470 0.0362 0.33361 



Average Values ; 



0.2617 0 . 0612 0 .61168 



Average Funotion Value of Generation^ 0.6116 8 
Maximum Function Valu e - 1.00000 



Number of Crossovers & Si 

Elitiot Reproduction on Individual 



ftttftttttttfttfttttfttfffttttttft Generation 
# Binary Cod e 

1 oooioooioooiiiioooioooiooioooo 

2 oooioooioooioiioooioioioioiooo 

3 oooioioiooiiioioooiooiioooooio 

4 oooioooiooiioiioooioiooooooooi 

5 001110110001111000010010110000 
Average Valucc : 

Average Function Value of Generation" 0.73 665 
Maximum Function Valu e ° 1.00000 



ftttttttftttftttftftftfttttffttftt 




Paraml 


Param2 


Fitness 


0.0669 


0.0669 




.00000 


0 . 0667 


0. 0833 




.80951 


0.0829 


0 . 0743 




.78211 


0.0672 


0 . 0782 


4- 


.90482 


0.2309 


0.0366 




,18684 


0 . 1029 


0 . 0678 




.73665 



Numb e r of Crossovers *» &± 

Elitist Reproduction on Individual 



# # #ftttttftttftftttftftfttfttft Generation 
# Binary Code 

1 000100010011111000100000010000 

2 oooioooioooioiioooioooioiioooo 

3 oooioooioooiiiioooioooiooioooo 

4 oooioooioooiiiioooioioiooioooo 

5 oooioooiooiioiioooioiooooooooi 

Average Valucc : 



##tttfttttftttfttt tt fttftt tt ttft 

■ Paraml Param2 Fitn e ss 

0 . 0674 0 . 0630 0 . 98842 

0 . 0667 0 . 0679 0 . 99915 

0 . 0669 0 . 0669 1 . 00000 

0 . 0669 0 . 0825 0 . 82473 

0 . 0672 0 . 0782 0 . 90482 

0 . 0670 0 . 0717 0 .94342 



Average Function Value of Generation " 0.94342 
Maximum Function Value ° 1.00000 



Number of Crossovers 



%%%%%%% Restart micro - population at generation i-9£ %%%%%%% 



# Binary Cod e 

1 oooioooioooiiiioooioooiooioooo 

2 100111100101110111011110100000 

3 101100011111000111100101010010 

4 oiiooiooooiiiiiooiiiiiiooooin 

5 ooiooiiiioioooioioiioiiomooo 

Average Valu e s : 



ttttttttftttttftttttttftttfttttttt 




Paraml 


Param2 


Fitness 


0.0669 


0.0669 




.00000 


0.6186 


0 . 9346 




.00000 


0.6951 


0.9478 




.00000 


0.3916 


0 .2463 




.00487 


0.1548 


0 .3572 




.00000 


0 .3854 


0.5106 




.20097 



Average Function Valu e of Gen e ration^ 0.20097 
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Maximum Function Valu e 



1 . 00000 



Number of Crossovers ~ W 

Elitiot Reproduction on Individual & 



# Binary Cod e 

1 011101010001111000101110010001 

2 111001000011110101111110100111 

3 010100010001111001100110010010 

4 100101110001111111100010100000 

5 000100010001111000100010010000 

Average Valuoo ; 



tfttfttttfftfttttttftftttfttfttttf 




Paraml 


Param2 


Fitness 


0.4575 


0.0904 


£- 


.33195 


0 .8916 


0.7473 


£- 


.00000 


0 .3169 


0.1998 


Q~, 


.00118 


0 .5903 


0.9424 




.00000 


0.0669 


0.0669 




.00000 


0 .4646 


0 . 4094 




.26662 



Av e rage Function Value of Generation^ 0.26662 
Maximum Function Valu e ° 1.00000 



Number of Croccovorc — ^9- 

Elitict Reproduction on Individual & 



tttftfftttttttttttttttftfttttttttf Generation ±^9 tttffftttfftfttttftttttffttf fttt ft 

# Binary Cod e Paraml Param2 Fitn e ss 

1 010101010001111000100010010001 0.3325 0 . 0669 0 .00536 

2 001101010001111000100010010000 0 .2075 0 . 0669 0 .05796 

3 010100010001111000100010010010 0.3169 0 . 0670 0 .05695 

4 011101010001111000101010010000 0.4575 0 . 0 8 25 0 .424 8 4 

5 000100010001111000100010010000 0 . 0669 0 . 0669 1 . 00000 

Averag e Valu e s: 0 . 2762 0 . 0700 0 .30902 

Average Function Value of Generation ^ 0.30902 

Maximum Function Value ° 1.00000 



Number of Crossovers — 34r 

Elitist Reproduction on Individual 3- 

Mtttttftftftffttftttttttttttttt Generation «m ## tfttttfttftttttttttttttftttttt 

# Binary Cod e Paraml Param2 Fitness 



±- 


000101010001111000100 010010000 
000100010001111000101010010000 




. 0825 
. 0669 




.0669 
.0825 




.82536 
.82473 


2 


000100010001111000100010010000 




■ 0669 




.0669 


±- 


.00000 


3- 


001100010001111000100010010000 


3- 


. 1919 




.0669 




.00507 


4r- 


010101010001111000101010010000 




.3325 




.0825 




.00442 



Average Values ! 0 . 1481 0 . 0731 0 . 53192 

Average Function Value of Generation ^ 0.53192 
Maximum Function Value - 1.00000 

Numb e r of Crossov e rs - £-5 



%%%%%%% R e start micro - population at g e neration %%%%%%% 
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Summary of Output 
Generation 
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parameter ( indma3C-2 0 0 , nchrmax° 3 0 , nparmax°2 ) 
e indmax - maximum ft of individuals, i.e. max population cis e 
e nchrmax - maximum ft of chromocom e a — (binary bite) por individual 
e nparmax ■ maximum ft of paramotoro which the chromoGomGO mako up 



D.L. Carroll ! c FORTRAN Gonotic Algorithm Driver 



Thio io vcroion 1.7a, laot updated on 4/2/2001. 
Download from : chttp ; //cuacroopaoo . com/oarroll/ga . html> 

Copyright David L ^^ij r n do may not bo reproduced for calc 

or for ucc in part ^ ™m-hnr- rnrlP. for calo without the cxprocc 
writt e n pcrmicoion of David L. Carroll. 

Thic gonotic algorithm (CA) driver ic free for public ucc. My only 
roqucot ic that the uoor reference and/or acknowledge the ucc of thio 
driver in any papnrp/rnpnrfr./.iri-.irlpo which hav e rooulto obtain e d 
from the ucc of thir I would alco appreciate a copy of cuch 

paporo/articloc/rcportc, or at loact an o mail mcocago with the 
roforoncc oo 1 can got a copy. Thanko . 

Thic program in n f^tptmst nnrn'nn of a aonotic algorithm driver. 
Thic cod e i niti it ™^ * r-nnrlnm nntnplo of individualo with differ e nt 
paramotorc to be optimized uoing the genetic algorithm approach, i. e . 
evolution via cnrM^i *-hn fittn rt The ecloction cchomo ucod ic 
tournament ooloction with a chuffling technique for choocing random 
pairc for mating The routine includoc binary coding for th e 
individualo, jump mutation, crcop mutation, and tho option for 
cinglc po i nt o r iir^^ ^nrm^r- Niching (charing) and an option 
for the nu m be r "hi i Hmn pnr pn-ir of parontc hao boon added. Me^e 
rec e ntly, an option for the uco of a micro CA hao boon add e d. 

For companicc wiohing to link thio CA driver with an cxioting code, 
I am available for r^™^ nnnnilting work. Rcgardlcoo, 1 ouggeot 
altering thio cod^ ir HM-tn ^ pnnniblo to make future updat e o 
oaoicr to incorporat e . 

Any uccrc new t«? ™ ^nrlH irn nncouraaod to read David Coldbcrg's 

"Ccnctic Algorithmr ^ p nimh J Optimisation and Machine Learning," 
Addioon - Wcolcy, 1989. 

The coven FORTRAN CA filoo ar e t gal70 .f 

ga . inp 

ga2.inp (w/ different namcliot identifier) 

ga . out 

ga . rootart 

paramo . f 

RcadMc (thio file!) 

1 have provided n ^^p^ nibrmitinn "func" . but ultimat e ly 

the uccr muct mippiy mhrmitino "func" which chould be your 

coct function- You chould bo able to run the code with the 

cample cubroutinc "func" and the provided ga.inp file and obtain 

tho optimal function value of 1.0000 at goncration 187 with the uniform 

croDDQvor micro CA enabled (thic io 935 function ovaluationo) . Note that 

b o cauc e different computoro may treat prccicion and truncation 

differently, I hnv^ r<*™ mrnr . whnro two computerc uoing tho cam e 

input produce different evolution hiotorioo (but ctill converge to th e 

optimal) . 

I otill rcoommond uoing tho micro CA technique (microga - 1) 
with uniform croocovor (iunifrm - 1) . However, if poociblo, I otrongly 
cuggoct that you uco valuco of nposibl of 2**n (2, — 4, 8> — 16, 32, 64> 
etc.). While my toot fnn^^n wn-rkrs fine for other valuco of npocibl, 
I have encountered problcmc whore the uniform croccovor micro CA hao 



difficulty with paramotoro having long bit strings and a non 2**n value 
of npos ibl, e.g. nposibl » 1000 , will have 10 bite aocignod (for thic cac e 
I would ouggoot running npooibln a 1024 rathor than 1000); I am prcoontly 
invootigating poooiblc fixes for thio oituation. 



Updat e s i 

Version 1.7 includoc several improv e m e nts; 

(i) The coding and input files ar o cl e aned up to provide identical 
output across a wider rang e of comput e rs. 

(ii) The arrayo have boon rearranged to e nable a more efficient caching 
of eye torn memory. For cases with very large population ciaes, run 
time improvements of as much as a factor of 4 - 6 were observ e d! 
For population pises loss than 1000 you will not see much change. 

(iii) A summary of the results has been added to the end of the output 
file. 

(iv ) An alternate input file "ga2.inp" has been included. Some compilers 
require an '&' and a '/' — in the namelist input file, — rather than 

— eigne . 

( v ) For thooQ wishing to try over harder tost functions, — the includ e d 
function is now N dimensional, whore N is simply determined by 
the number of parameters specified (nparam) . 

Version 1.6.5 of tho -n 1 nwnH mrno . p mutations to be implement e d 

with the micro - GA technique. (This version was never officially 
released. ) 

Version 1.6.4 of the code has a minor modification to the niching 
routine and another minor modification which would only affect a user 
having a single parameter with more than 2**30 possibilities (probably 
noono has uGed this large a number) . 

Version 1.6.3 of the code fixes a bug in the niching routine. Niching 
should now work much better than in previous versions. A few oth e r 
minor changes have boon mado (not worth mentioning) . The sample function 
has been changed to something a bit more challenging. 

Version 1.6.2 of the code has had major restructuring in th e form of 
converting all of the operators (crossover, mutation, etc.) — into 
subroutines . The code logic should be a little mor e understandable now 
and it lends itself to more easily modifying parts of the code. The 
counter kountmx (see vl.6.1 comments below) was added to the namelist 
input . Otherwise, code performance should be the same. 

Version 1.6.1 of the code has very minor modifications. If you ar e 
already succ e ssfully uGing the code> then you will not n e ed this 
updat e . 

(i) Added a little documentation about changing format statements 
1050/ 1075, 1275/ and 1500 when you change nparam or the total 
number of chromosom e s — (see below) . 

(jj) I have commented out all of the lin e s of code dealing with 

cputimo. The Macintosh spocific SECNDS call was causing mor e 
questions than I had anticipat e d. However/ other than commenting 
the linos out, I have left them in their location for reference 
in case the user wants a cputimo added. 

(iii) I have included a sample output file. 

(iv) Added counter (kountmx) to control how frequently the restart fil e 
is written. This saves I/O time and w e ar and tear on storag e 
device . Presently sot to write ev e ry fifth generation. 



Version 1.6 of tho code has incorporated the ability to use a micro - GA 
approach; thic cignif icantly reduc e d the number of function evaluations 
to find tho global maximum of my teat function. 

Vorcion 1.5 of tho code hac added come more flexibility to your 
available options • 

(j) You now cpccify the minimum and maximum valu e s of the parameters 
rather than tho minimum and the incr e ment . 

(jj) You now specify the number of possibiliti e s you want for each 
parameter, not the number of bits. This modification has two 
features: first, — th o program automatically calculat e s tho numb e r 
of bits per parameter; second, you are no long e r forc e d to hav e a 
numb e r of possibilities equal to 2**n. While th e cod e is mor e 
effici e nt when ther e 2**n possibiliti e s p e r param e t e r, — it will 
run quite well with a less e r number; e.g. a colleagu e has 25 
specific airfoil families he wants to investigate, greater than 
i€-7 — less than 32. 

(iii) You can now specify specific parameters for niching. Earlier 
versions of th o code forc e d you to niche on all paramet e rs. Now, 
tho input array — ' nichf lg ' — permits you to choose the param e t e rs 
for niching. 

(iv) You have an input flag to pr e v e nt the printing of specific jump, 
and creep mutation information 

(v) You now specify th e maximum values of population siz e , — number of 
param e ters and number of chromosomes in an includ e fil e — (params . f ) . 
This s e ts th e maximum array sizes in tho code. Wh e n running, — fe&e 
code only us e s tho array size up to npopsiz and nparam (from ga.inp) 
and nchromo (computed internally from th e npocibl input array) . 



The code is presently sot for a maximum population siz e of 200, 

3 0 chromosomes (binary bits) and 2 parameters. Those values can be 
changed in paramo . f as appropriate for your probl e m. Correspondingly 
you will have to change a few 'write' — and ' format ' — statements if you 
change nchrmax and/or nparmax. In particular, if you change nchrome 
and/or nparam, then you should change the 'format' statement numbers 
1050 f 1Q75, — 1275, and 1500. For example, — if you have a problem with 

4 parameters and 16 chromosom e s — (bits) , then you should change these 
format statements to b e : 

1050 format (lx, ' ft Binary Code ' , 8x, ' Paraml Param2 Param3 ' , 

+ -! — Param4 Fitnoss ' ) 
1075 format (i3,lx,16il, 4 (lx,f6.2) ,lx,f6.2) 
1275 format (/' Average Values i ' , IQx, 4 (lx, f 6 . 2 ) , lx, f 6 . 2/ ) 
1500 format (i5,3x,16i2) 

Tho CPU time relat e d linos of code ref e r e nce a Macintosh specific 
time function (SECNDS) . To avoid compiler errors with other computers, 
I hav e commented out those lines of cod e . If you wish to hav e cputim e 
output, then you will have to change th e time functions for th e specific 
computer you are running on. Moot mod e rn Unix machin e s will recogniz e 
tho ' e time' function; th o se linos are add e d to tho cod e along with th e 
variable 'tarray' and 1 cpu ... again, to avoid compilor errors with 
differ e nt comput e rs, — these linos of code are also comm e nted out. 

A common problem arises with tho Microsoft PowerStation compilor, — i.e., 
PoworStation does not recognize tho abbreviation NML for NAMELIST . 
you aro using PowerStation, — you will likely have to substitute NAMELIST 
for all instanc e s of NML. 

Ploaoo f ee l free to contact m e with qu e stions, — comm e nts, — or e rrors 
(hopefully none of latt e r) . 



Enjoy 



David L. — Carroll 
CU Aoroopace 

2001 South Wright Street Extended 
Urbana, IL 61802 - 

o mail; — carroll®cuacrocpaco . com 
Phon e : 217 333 8274 
faxi 217 214 7757 

#ttftWttWftW ^ 



micro - GA Tip; 



My favorite GA technique io ctill the micro GA. At thio point, I recommend 
ucing the mi cr o-CIA nn-ifnym rrnnnovor and a email population oiao. Sie 

following inputo gave mo excellent p e rformanc e : 



microga ° l 
npopois = 5 
maxgon ° 100 
iunifrm n l 

I have alc o gotten pnrfnrmnnm with the single point croooovor (iunifrm^O) , 

micro - GA. 

If you decide to uce the micro GA, you will not need to worry about th e 
population sizing or creep mutation tipo below. 

Ccc the Krichnakumnr ^^mnnn hnlnw for more information about micro GA'c. 

ttftfttttttftfttttftW 

Population Sizing Tip; 

I've had a lot of people aok mo about population cizing, copocially 
people who aro attempting largo problcmc whore 100 individualo io probably 
not enough. The true authority on the cubjoct ic David Coldbcrg, but hero ic 
a crude population ocaling law in my paper (baccd on Goldberg fi. Deb, 1992) i 

npopoiz order [(1/k) (2**k)] for binary coding 

where 1 - n c hro me n n^i It -i ^hn nvnrago ciso of the schema of intor e ct 
(effectively the av^rny nnmVin-r nf hito per parameter, i.e. approximately 
equal to nchromo/nparam, rounded to the noaroct intogor) . I find that when 
I have uniform crocr^v Q r nirh-ing turned on (which I recommend doing), 

that thio ccaling law ic uoually overkill, i.e. you can moot likely get by 
with populationo at loact twice ac omall. 

Remember to make the parameter 'indmax' (in 'paramc.f') greater than or equal 
fee — * npopois ' . 

tttttttttftffttftftftttfttfttfftttttftttttfttttfttfttfttMtftttfttftttftft 
Creep Mutation Probability Tip : 

I generally l i ke to hav Q npprnvim.itn.1y the came number of cr e ep mutationo and 
jump mutationc per generation. Ucing baoic probabiliotic argumonto, it can bo 
ohown that you will got approximately the came number of croop and jump 



mutationo wh e n 

pcroep — (nchromc/nparam) — * pmutate 
where pmutatc (the jump mutation probability) io l/npopoiz. 

Suggootod reading that I have found to bo of uoo; 

Goldberg, D. E., and Richardoon, J., "Genetic Algorithmo with 
Sharing for Multimodal Function Optimization, " Genetic Algorithmo and th e ir 
Applicatio nc : Pr pcc"?di ™<j r nf thn second International Conference on Gen e tic 
Algorithms, 1987, pp. 41 - 49. 

Goldberg, D. E . , — "Genetic Algorithmo in Search, Optimisation and 
Machine Learning," Addioon Wocl e y, — 1989 . 

Goldberg, D. E., — "A Note on Boltzmann Tournament Selection for 
Genetic Algorithmo and Population Oriented Simulated Annealing, " in: 
Complex Syotemo, Vol. 4, Complex Syotemo Publicationo , Inc., 1990, pp. 
445 - 460 . 

Goldberg, D. E., — "Real - coded Genetic Algorithmo, Virtual Alphabetc, 

and Blocking," in* Complex Syctomc, Vol. 5, Complex Syotemo Publicationo , 

Inc., 1991, pp. 139 - 167. 

Goldberg, D. E., and Deb, K. , — "A Comparitivc Analyoic of Selection 
Schomoc Uood in Genetic Algorithmo," in; Foundationo of Genetic Algorithms, 
ed. by Rawlino, G.J.E., Morgan Kaufmann Publiohoro, San Mateo, CA, pp. 
G 9 93, 1991. 

Goldberg, D. E., Deb, K. , and Clark, J. H . , "Genetic Algorithmo, 

Noioc, and the Sizing of Populationo , " in; Compl e x Syctomc, Vol. 6, Compl e x 

Syotemo Pub., Inc., 1992, pp. 333 362. 

Kriohnakumar, K. , — "Micro - Genetic Algorithmo for Stationary and 

Non Stationary Function Optimisation," SPIE; Intelligent Control and 

Adaptive Syotemo, Vol. 1196, Philadelphia, PA, 1989. 

Syowcrda, G . , — "Uniform Croooovor in Genetic Algorithmo," in; 
Procoedingc of the Third International Conference on Genetic Algorithmo, 
Sohaffer, J . — (Ed.), Morgan Kaufmann Publiohoro, Loo Altoo, CA, pp. 2 - 9, 
19 8 9. 

tttttttfWtfttttftftMtffttttttttfttMfttttttftttt 

If you are interooted in my work — (which may give come inoightc into how 

and why I coded oomc aspecto of my CA) , I can mail copieo of throe paporc of 

mine . 

G. Yang, L.E. Rcinctein, S. Pai, S. Xu, and D.L. Carroll, "A new gen e tic 
algorithm technique in optimisation of permanent 125-1 prootato implanto," 
Medical Phyoico, Vol. 25, No. 12, 1998, pp. 2308 - 2315;- 

Carroll, D. L . , — "Chemical Laoor Modeling with Genetic Algorithmo," 
AIAA J. , Vol . 34, 2, 1996, pp.33 8 346. 

(A preprint voroion of thio paper can now bo downloaded in PDF format 
via my weboit e ; 

<http;//cua e rospaco.com/carroll/gatipc.html> look for AIAA1996.pdf) 
Carroll, D. L . , — "G e n e tic Algorithmo and Optimizing Ch e mical Oxygon Iodin e 



Laccrc, " Development p in TVinn-rni- H r^l nnri Appl i nd MochanicCi Vol. XVIII, 
odo. h'.B. Wilson, R.C. Datra, C.W. Bert, A.M.J. Davie, R.A. Schapcry, D.S. 
Ctci:art, and F.F. fvn^^ , ^hnnl nf Engineering. The Univcroity of Alabama, 

1006, pp.411 424. 

(Thic paper can now HnmninnHnH in php format via my wcboite ; 
<http : //Guacroopaac.com/carroll/gatipo.html> look for SECTAM1 8 .pdf ) 

w#tfttftfttttt ttftttW^ 

Dioclaimer !■ thio program io not guaranteed to be free of e rror 
(although it io believed to bo free of error) , therefore it ohould 
not be relied on for tH ng prnhl nmn where an error could rooult in 
injury or loos. If thio code io uoed for ouch oolutiono, it io 
entirely at the ucor'r -r-i r> *nr\ t-h p author dicclaimo all liability. 



The following portion of this disclosure was created in Powerpoint for purposes 
of further describing the present invention. I t the specification, especially with reference 
to FIGS. 37-47C, respectively, particularly concerns bandwidth enhanced normal mode 
helical antennas. It begins by setting forth the objectives, considerations, and questions 

5 addressed in the beginning stages of development of the present invention. The ^effects 
of different physical antenna parameters on antenna performance are addressed by 
showing the aeffect in the VSWR by these variations. 

The remainder of the following disclosure portio n discussion with respect to FIGS. 
37-47C respectively, shows several different antenna designs and in graphical form 

10 illustrates the respective performance of each. A straight wire antenna, a simple helix, 
and a triple helix are all examined. Each antenna is modified by the addition of various 
parasitic elements. The characteristics of each of these antennas are then illustrated. The 
VSWR, directivity, and input impedance are shown so that the different antennas having 
different combinations of parasitic elements can be analyzed effectively. 

15 This portion of the disclosure concludes by summarizing th e results obtained from 

the different combinations. The conclusions drawn from these results arc then 3ct forth. 
Results obtained from the different antenna combinations arc then summarized and 
conclusions drawn from thc30 results arc 3Ct forth. It illustrates Such results illustrate the 
initial indications that bandwidth improvements could be made by the addition of these 

20 parasitic elements. 

Objectives for the subject antenna include it being low-profile, omnidirectional 
and broadband. Design considerations include: (a) the helix can be made shorter by 
adjusting the pitch, (b) normal mode helix has narrow bandwidth, and (c) parasitic 
elements increase the bandwidth of straight wires. Questions addressed in the subject 

25 analysis include determination of whether the bandwidth of the normal mode helix can be 
improved with parasitic elements and if so. what are suitable structures for the parasites, 
FIG. 37 presents numerical results of the effect of pitch angle on helix VSWR for 
a h di pal antenna ha ving a total wire length of 7$Qm and a wire radius of Q,$cm. The 
different curves plotted in the graph of FIG. 37 are for antennas having a helix pitch (9) 

30 of 30 r 40 r 50 r 60 and 70 degrees. For an antenna having a pitch of 30 degrees, a height 
reduction of 45.0% and a total height of 41 .3cm is achievable. For an antenna having a 
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pitch of 40 degrees, a height reduction of 32.0% and a total height of 50.9cm is 
achievable. For an antenna having a pitch of 50 degrees, a height reduction of 21.0% and 
a total height of 59.2cm is achievable. For an antenna having a pitch of 60 degrees, a 
height reduction of 12.0% and a total height of 66.0cm is achievable. For an antenna 
5 having a pitch of 70 degrees, a height reduction of 5.4% and a total height of 70.9cm is 
achievable. 

FIG. 38 presents numerical results of the effect of wire radius on helix VSWR for 

a helical antenna having varied diameters, including 0.4 cm, 1 cm and 2 cm, as depicted 
in the graph. The helix geometry of such antennas are characterized by a height of the 
10 straight wire base being 7.5 cm. the circumference of one turn in the helix being 15cm, 
total number of turns being 4.5 with a pitch angle of 40 degrees, and a total wire length of 
75cm. 

FIG. 39 provides a block diagram representing exemplary steps in a procedure for 

efficient optimization of a helix with parasitic elements. The evaluation steps are done 

15 for each antenna in the sample population. In the steps of FIG. 39. Z mn is the reduced- 
rank impedance matrix used for curved wires. 

FIG. 40A provides numerical results comparing the VSWR versus frequency for 

an open sleeve monopole antenna, such as depicted in FIG. 40B. and a regular straight 
wire antenna. For a single wire antenna, a VSWR less than 3.5 is achieved on a 
20 frequency range from 85 MHz to 1 1 2 MHz for a bandwidth ratio of 1 .32: 1 . For an open 
sleeve monopole antenna, a VSWR less than 3.5 is achieved on a frequency range from 
90 MHz to 1 72 MHz for a bandwidth ratio of 1 .9: 1 . 

FIG. 41 A provides numerical results comparing the VSWR versus frequency for a 

straight wire antenna having four parasites, such as depicted in FIG. 4 IB: arid a regular 
25 straight wire antenna. For a single wire antenna, a VSWR less than 3.5 is achieved on a 

frequency range from 85 MHz to 1 1 2 MHz for a bandwidth ratio of 1 .32: 1 . For a straight 

wire antenna having four par asites, a VSWR less than 3.5 is achieved on a frequency 

ran ge from 90 MHz to 185 MHz for a bandwidth ratio of 2.05:1. 

FIGS. 42A through 45B present numerical results for various helix antenna 

30 embodiments. The basic geometry of the helical antenna is the same as previously 

described for the antennas modeled in FIG. 38 and having a wire diameter of 1 cm. 
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FIG. 42A provides numerical results comparing the VSWR versus frequency for a 

helix antenna with two straight wire parasites, such as depicted in FIG. 42B, and a regular 
helix antenna. For the helix antenna having two parasites, a VSWR less than 3.5 is 
achieved on a frequency range from 112 MHz to 208 MHz for a bandwidth ratio of 
5 1.86:1. 

FIG. 43 A provides numerical results comparing the VSWR versus frequency for a 

helix antenna with four straight wire parasites, such as depicted in FIG. 43B, and a 
regular helix antenna. For the helix antenna having four parasites, a VSWR less than 3.5 
is achieved on a frequency range from 112 MHz to 250 MHz for a bandwidth ratio of 
10 2.23:1. FIG. 43 C provides a graph of the directivity versus frequency for antennas with 
varied pitch angles (0) for (|)=0. FIG. 43D provide a graph of the directivity in the H- 
plane versus <|) when f = 190 MHz and 0 = 90 degrees. 

FIG. 44A provides numerical results comparing the VSWR versus frequency for a 

helix antenna with two helical parasites, such as depicted in FIG. 44B, and a regular helix 

15 antenna. For the helix antenna having two helical parasites, a VSWR less than 3.5 is 
achieved on a frequency range from 1 12 MHz to 208 MHz for a bandwidth ratio of 
1 .86: 1 . Real and imaginary components for the input impedance of the antenna 
represented in FIG. 44B is displayed in FIG. 44C. and FIG. 44D charts the directivity 
versus frequency for antennas having different pitch angles (0). 

20 FIG. 45 A provides numerical results comparing the VSWR versus frequency for a 

helix antenna having respective inner and outer helical parasites, such as depicted in FIG. 
45B. and a regular helix antenna. For the sleeve helix antenna having inner and outer 
parasites, a VSWR less than 3.5 is achieved on a frequency range from 101 MHz to 182.5 
MHz for a bandwidth ratio of 1 .8 1 : 1 . 

25 FIGS. 46C through 47D. respectively, present numerical results for various triple 

helix antenna embodiments, such as represented in FIGS. 46A and 46B. The basic 
geometry of the triple helix antenna is the same as p reviously described for the antennas 
modeled in FIG. 38 and havi ng a wire d iameter of 1 cm r except the triple helix has 13.5 
turns (4.5 for each helixV 

30 FIG. 46C provides numerical results comparin g the VSWR versus frequency for a 

triple helix antenna and a single helix antenna. FIG. 47A provides numerical results for a 
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triple helix antenna having four straight wire parasites, such as depicted in FIG. 47B, a 
triple helix antenna and a single helix antenna. For the triple helix antenna having four 
parasites, a VSWR less than 3.5 is achieved on a frequency range from 110 MHz to 380 
MHz for a bandwidth ratio of 3.45: 1 . FIG. 47C provides a graphical representation of 
5 antenna directivity versus frequency for the triple helix antenna with different values for 
the helix pitch angles (B). FIG. 47D provides a graphical representation of antenna 
directivity versus frequency for the triple helix antenna with parasites (such as in FIG. 
47B) with different values for the helix pitch angles (0). 

A summary of the results determined from the numerical data provided in FIGS. 

10 40A through 47D, respectively, is now presented in Table 8 below. These results show 
that parasitic straight wires and helices are useful for improving the bandwidth of helical 
antennas. Also, the triple helix has reduced VSWR over the frequency band which 



makes the structure more amenable to improvement bv parasites. 



Driven Element 


Number of 
Parasites 


TvDes of Parasites 


Bandwidth Ratio 


Straight Wire 


2 


Straight wire 


1.90:1 


Straight Wire 


4 


Straight wire 


2.05:1 


Helix 


2 


Straight wire 


1.86:1 


Helix 


4 


Straight wire 


2.23:1 


Helix 


2 


Helix (same cylinder) 


1.86:1 


Helix 


2 


Helix ( different cylinders') 


1.81:1 


Triple Helix 


4 


Straight wire 


3.45:1 



15 Table 8 
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The following further portion of this disclosure was also created in Powerpoint 

for purposes of further describing the present invention. It particularly concerns the 
sle e ve cage monopol e and sl e ev e helix for wide band operation. It sets forth the 
objectives, considerations, and questions addressed in th e d e velopment of the present 
5 invention, and presents relevant background information and illustrations of the antennas 
discuss e d within. 

Th e VSWR, input imp e danc e , and dir e ctivity ar e giv e n for e ach ant e nna with and 

without th e addition of parasitic e l e m e nts. Illustrations and graphical data for th e cag e 
monopol e , th e sl e ev e- cag e monopole, the quadrifilar h e lix, and th e sl ee v e- h e lix ar e 

10 pr e s e nt e d. Th e r e l e vant data for e ach is then shown in a tabl e so that a sid e by sid e 

comparison can be made to more clearly illustrat e th e improv e m e nts mad e in th e ant e nna 
charact e ristics by th e optimal plac e ment of parasitic e l e m e nts. 

Th e physical m e asurements and characterization values of various ant e nnas 

optimized for various VSWR values arc presented. This data is then pr e sented in a 

15 comparison to several background antennas to illustrat e th e improvements in antenna 
performance made by the present invention. 
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ABSTRACT OF THE DISCLOSURE 

A method for applying an algorithm to facilitate the design of wideband 
omnidirectional antennas, and the design of sleeve cage monopole and sleeve helix units 
includes rapid resolution of a complex relationship among antenna components to yield 
5 an optimal system. A genetic algorithm is used with fitness values for design factors 
expressed in terms to yield optimum combinations. Cage antennas are optimized via a 
genetic algorithm for operation over a wide band with low VSWR. Genetic algorithms 
and an integral equation solver are employed to determine the position and lengths of 
parasitic wires around a cage antenna in order to minimize VSWR over a band. The cage 
10 may be replaced by a normal mode quadrifilar helix for height reduction and with re- 
optimized parasites. 

This t e chnology provides a m e thod (application) of an algorithm to facilitat e th e 

design of wideband operations of antennas, and the design of sleeve cag e monopolo and 
sleeve helix, units. The technology is of interest/commercial potential throughout the 

15 audio communications community. 

Omnidirectional capabilities and enhanced wideband capabilities arc two 

desirable features for the design of many antenna applications. Designing 
omnidirectional antennas with wideband capabilities requires rapid resolution of complex 
relationship among antenna components to yield on optimal system. The invention 

20 comprises the use of a genetic algorithm with fitnc33 values for design factors expressed 
in tcrm3 to yield optimum combinations of at least two typc3 of antennas. 

Cage antcnna3 arc optimized via a genetic algorithm (GA) for operation over a 

wide band with low voltage 3tanding wave ratio (VSWR). Numerical rc3ult3 arc 
compared to those of other dual band and broadband antennas from the literature. 

25 Measured results for one cage antenna arc presented. 

Genetic algorithms and an integral equation solver arc employed to determine the 

position and lengths of parasitic wires around a cage antenna in order to minimize voltage 
standing wave ratio (VSWR) over a band. The cage is replaced by a normal mode 
quadrifilar helix for height reduction and the parasites arc rc - optimized. Measurement s 

30 of the input characteristics of these optimized structures arc presented along with data 
obtained from solving the electric field integral equation. 
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Genetic algorithms (Y. Rahmat Samii and E. Michielssen, Electromagnetic 

Optimizations by Genetic Algorithms, New York: John Wiley and Sons, Inc., 1999) are 
used here in conjunction with an integral equation solution technique to determin e the 
placement of the parasitic wires around a driven cage. Th e cage may be replaced by a 
5 quadrifilar helix operating in the normal mode in order to shorten the antenna. 
Measur e m e nts of th e s e optimiz e d structur e s ar e includ e d for verification of th e 
bandwidth improv e m e nts. 
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